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PREFACE

The compilation presented in this bibliography has resulted from
the combined effort of the Science Information Service of The Franklin
Institute and the personnel of the Friction and Lubrication Laboratory.

It has been prepared as a literature survey in support of an experi-
mental and development program of research on gas lubricated bearings.
This effort has been jointly supported by agencies of the Department

of Defense, Atomic Energy Commission aid National Aeronautics and
Space Administration, under the administration of the Office of Naval
Research.

The bibliography is a continuation of a similar work issued in
October 1961. It contains 493 abstracts, It covers the magazine,
book, periodical technical report and patent literature, both domestic

and foreign. Most of the abstracts are either -author's or author
modified type. It is arranged in chronological order from January
1961 through December 31, 1964, according to the date of publication.
Thn first two digits of the five digit number of each reference indi-

cate the year. Some 55 sources, which were not recorded in the pre-
vious bibliographyj are also abstracted (using the prefix 00-). The
bibliography is provided with an author index (corporate and indivi-
dual), subject index and patent index.

While ever effort has been made to make this bibliography a com-
prehensive list of all references for the -period covered, the compilers
will be grateful to those who would call their attention to any possible

omissions in this compilation.

Dudley D. Fuller
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- 00-00! Adams, C.R .
NOW.. . OIL-MIST IMBRICATION FOR AIR MF-kIN S. Prod. Engn.g-.,
ol. 31, no. 35, p-p. 541-55. (August -29, 1960).

The article describes ways to prevent- sa =ing or seizure in- an exter-

na ly pressurized air bearing. ItI is done byv blowing oJ! -into the
- air Supl raddpnigo-the resultihng mist to leave a thin f ilm
!onthe shaft and journal. This film-of oil acts as A boundary lubri-

Scant and prevents complete meta!-to-metail contact duigoperation or
• 2shutdown. The oil-to-air ratio is not critical, and the oi! -abe

recirculated. Best -results so far are with the step-type -bearing,
three versions of which- are il-lustrated-.

00-002 Anderson- PNorma

SHAFT OR LIKE BEARLNGS. U. S. Batent 2R86S52. ( o Sr George
Godfrey & Partners Limited). (Aug ust , . 4 sued

T December s6, 19i n t

n r is claimed that acblindrica and annulaer by b g oil in tfilmse
or cushions" are foed so -at the use mof ltiuid lubricant iav

= = b~~e entirely dispensed ith' --;.-

..... 00-03 =nonymous-.

ontDessn -News, jOL. -,no. 19 pp 52- - (October Loundary u -

cAn- machine despirv ned o mearin theo- i gh-treq c y vib rations of

shutdown. Teol tor reai s no riial n th rf anb

thprecision bal bear-ns, wow r ictionao -vibr

- - tion Care obtained' by Imount-ing the min-sp-indle i.- -air -be arin5E. -Air --
od r P n Lepplied to smalleAuegauing b -one x,6 of three eqlaly-spased

-inlet holes of -. t c inch di-a. -ad an ar end has two ari of holes

;|_ ~ ~ -nch - --- .. from each- end,- Each row totistreeually-space- -holes_
-o25 inch di . with an addtiona tourth hsule ou 0icant ia

-bottom. dBearngse is way because te machine s aways
toaded in a mdowawiard- -iectior . With thi -arrangement of irinlet

rholes tonether with a radial learance t ofi nthe order of -0 a0e inh, a
load up to 25 lb. ti nee applied- tomearin giunder test. -React Ai

is prsupp d ovi e D a -conical type thrust bearing supied-by
air hrough a central oritice 0.030 inch dol oen- 1da i apdaied
-at right-hand end of spindle, the spindle moves left and reduces, the
a ap.at conical surface. Iice0.3 in ecapement. resistance- At cone

produces an increase in pressure at end -of spindle which automatically
___ balances axial load.
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-00 004 Anonymous.
BEARINGS FOR GYROSCOPE ROTORS. Engineeri vol. 194, u. 651
(November 141 1952).

-Compressed air bearings, distributed by Miniature Bearings Ltd.,

suitable -for -different kinds of gyroscopes are described. -Diagrams
are given and -the operation is detailed.

00-005 Archibald P.R.
-A IOK AT wHYDROSTATIC TRUST BEARINGS-. Mach. -Design, vo14 25,
no. 9, p. 170. (September 1953).

Analysis of a Dearing having a conical seat is discussed, This
type of bearing offers- thp -ossibilities of -lateral constraint as
well as thrust_ capacity. The load capacity of a bearing -employing
-a spherical seat is also discussed. Equations ate presented.

00-006 Bamber, 4.4i.
-7BrAPINGS WITH -FORCE INICTINO MEANS. U. S -Patent -2:,908,164.
(to -United States of America as represented by -the Secretary
of -the Navy). AppRied- January 31f 1957. Issued Octobe 1-3, 1959.

'rae. present invention relates to the testina of aircraft models1 and
particul-ar-Iv to a system for SUDDortii an aircraft model in -a wind
-tunnpI -and- measuring the manitude of forces on such, a model., More
specificaL, thIs- invention- relates. to the util-ization- -of the-
principal or air l uiricated bearings -in a stih-tve-:model-suDport

and force-irccating system. Wat is claimed is-an apparatus for
measutina component -forces and: zuoments develoDed ;bv- relative 2otion
of a hollow test -model in -a :fluidedium, the aparatus cowntising
a sting-t-ybe tubulat support, means zor supplyi n g air under -rela-
tively -high -pressure -to the interior -of the- -support, bearing means
for suDorting the test model on the support for limited movement
of the model- relative to the support, the support -and the bearing
-means tting within -an teint enclose- by the hollo wtest model, the
bearing means including an air- uibricated bearing -mounted on the
exterior or The sUpport in spaced relation thereto to -form a clear-
ance space berween, the support having a plurality of air-supply
ports leadin- Er.--.- the interior thereof to diametrically OnDOSite
areas of the clearance space, a plurality of pressure tap-off -tubes

leading from irametrically opposite sides of the clearance space
through the tubul-ar sunport to a point remote -froc the support,
and pressure dfental indicating means connected to the remote
ends of the tap-off tubes.



00-007 Baumeiste-, -H.K.-

AXIAt AIND E-,ADIAL- THRUST BEARING. U. S-. 'Patent 2-,854,298.
(to International Business Machines- Corp.) Applied January
13, 1956. issued September 30, 1958.

This invention relates- to axial and radial thrust type bearings and
more particularly, to bearings of this type which are lubricated by
a fluid lubricant such- as- air or oil. What Is claimed is an axial
and radial thrust bearing compriSing a:longitudinal shaft rotating
on Its axis; a conically shared journal on--each extremity of the
shaft, the vertex of the cone having a predetermined -angle; a bear-
ing block in juxcaposition with each jounal :having a conical -hole
to -receive the journal, the vertex of the cone of each c6nical hole
having- a. predetermined angle smaller An magnitude than- the -redeter-

S-mined: angle of the journal-; and the bearing block including _an
aperture i.tersecting the -vertex of the conically shaped hole for
supplying a lubricant under constant pressure -to the tbearing.-

00-008 Brugger 1  R.G'
AWdLIARY BEARINGS FOR -SENSITIVE INS I ENS,
U. -S.S--aten t 2,915,902l. -(to Sperry V--Rand-Corp-

A6~Vd- My ~3l95-. Isued -erber8 1959.-
- -Thisn- vention relates to -an improvedtearing -assembl -for- sensitve

:position i'n:-azimuth. What is- claimed -is a bearing -assembly; - ra
T.es "t---- = --- 2 m

gyroscopic instrument having sagyro etment -and- a mounting -ee'
:supporting the gyro element with freedomabout a-vertieca axs-
priing-a thrust type air bearing having twoi -partis tretivey vabditoutl ther o axs on jfof ohic - fixdly oes-hicd mit thein gyvf tletent

of the instu-ent -andthe- ohe-r of whiche i--ldes a o ax-af eixte
inguDpost -wi- an opening therein throuh awhich- air tis sup ed o the

air bearing, -:and an au-ii-ay bearing - havig two -p arts rgelatively
movabl -neout th x ion of which is connected to -the mouting
element of the instument and- toher to the_ p-ost pat Iof the ar

bearing-.

O-009 Buckley, Dii. and R.L. Johnson.
LUBRICATION -OF COROSION-RESISTANT ALLOYS BY MIXTURES OF ALOGEN-
-CONTAINiNG GASES AT TIMPERATURES UP TO 1200 ° F. NASA TIM D-197,

November 1959.. -.AD--228 478. -

Friction and wear experiments were- conducted to explore the effects
of high temperature, varied bromine contentj and postulated reaction
mechanisms on boundary lubrication with reactive gases. Dibromodi-
fiuoromethane (C F2 Br9), monobromotrifluoromethane (CF3Br), monobromo-
difluoromethane (CF2Br), -and sulfur hexafluoride (SF Pgases were

2 -



used -to lubricate various nickel- and cobalt alloys- at-temperatures
-up -to 12006P. A 3/16-inch-radius hemispherical rider under a load
-of 1200- arams contacted the flat surface of a rotating- disk;- the
usual surface -Sned: wa s 120 feet -per minute, In some cases -the -sur-
face speed was varied. A i.I gas -blend- of CFBr.- and -qBr -was found
to be -an effect'ive lubricant to -l200F for -two mtal combinations,
-Stelli te 9%M2 -on Mast_-Noy C and Inconel X on Rexalloy 33. The
-gases CHP fr Iand C 2Br plus 1 percent SF6 used -to lubricate 98M2
Stel-Ite siding on Hasteilov- C were not -as -effective (as lubricants)
_As-,the- -gas blend :-- CF2 Br. CF 3Br. Postulated reaction -mechanisms-
canh-be -used- -to seect :metal-gas combinations suitable -for higth-tem-
perature :lubritation sys;tems.

-00-010- -Cobb, W.G.
:EL'TRONIC R-EAOR FUEL PLNM.-S. _V. SPatent 2888 878.
(to -.Atomic Energy Commssion)-. -Aple June 6-1958_
issued- June 2, 1959.

-Th: -invention relates- to long- ifetime -pumps -ahd -mote particularly-
;to- pumps- adapted- to -circulate -radioactive neutron ic reactor fuels .
The-Puipu-compiSes a -rotatable7 shaft. haVing:f-irst andsecObd-nds_
-and- isproviVed: -ith an. ipeler- and impelle; _using -at its first
-end, It has a journal -rigidly attached- -to: the second e theidly --- e-od--_noo,_I -the

sht,b the journal -being. a ,soijd -body of -rotation- smmerical bout
thfe xs o the- -shaft, -the- dimens ioni odf -the- joulrnAl, -which- Isv-
-pendicuat to the axis- of_ the shaft -bAg ivergent 2 na direct-in

- poiet he direction- -of the- -thrust lad on, te shata yor
static :gas- lubricated bear i&member, apted to eeive the jornal,

p c of channsels adapted to Introduce -a- ubri-
cat ing gas -s-ch as- heIum- to theb jorlal -beafing interface, a Iliquid-
expansioon chamber located adacent -the first end, -hich- comi-uaicates
-with _the shaft ehanel -and -i-provided_ with liuid -gas-cont cting
-means, _an exit -gas aperture, and; a liquid retun line-to the inlet
priort of- the impeller -housing-, a tubular member surrounding the shaft
between: -the :bearing and-the-expansion- chamber and -spaced -therefrom,
to provide a- continuous.-channel alon-g the -shaft connecting -the
bearing journal. interface and the expansion chaber whereby at
least a portion. of the gas escaping from- the interface may- be con-
ducted 'to the expansion cha ber-.

00-011 Constantinescu, c V.IN.
ON TIJELL-ENT LL-BPICATION.- Proc._ .Instn. Mech. Engrs.-, -vOl. 1-73,
-no. 38, p. 81900 (-1959). .-

This paper discusses the hydrodynamic turbulent motion in- the lubri-
cant layer. Proceeding -from the Resnolds -equations- and introducing
the approximations currently used -in lubrication probiems, owing to
the lubricant film thickness, the general motion -equations for turbu- 4

--- c ... . =;- -- . .. ... ;- -- ....-. 4 -



lent lubrication are written. lUsing the Prandti mixing length
hypothesis, exact and approximate solutionis are obtained for the
velocity distribution into the lubricant layer. The results are
discussed by pointing: out the pressure gradient and the Reynolds
-nm-ber influence on -the velocity distributions, -as well- as tile
differences with respect to iaminar flow. In order to obtain
simple -formulae, the exact dependence of the rate of frlow on the
-pressure caradient in a dimensionless tor- - is replaced b, a Linear
relation, the slope of which depends on the Reynolds -number. This
approximation permits obtaining the pressure- differential equation
in -a simple fo m. The pressure equation is integrated in case of
journal beatings, by- assuming a constant -or a variable viscosity
of the lubricant.. The -reeults are compared to the exre-riental
data obtained by 1-.. 1. Smith and D. D. -Fuller and- good QUmtita-
tive agreenent is -pointed- out-

0 -- 012a Cronquist, fl .AIR H-AD. U. S.-Patent 2,905,768. (to- International Business
Machines- Corp.)-. Appliei- Sept2ember 4, 1954. IssuedSeptember

--, 1959.

This patent describes- the detaif-s of an extemafly nressuti7iA
-air -ear-ina for' magnetic -recording :headsw

313 --C rooks. -R- and. John Fuliemann.
TIJRBOOMPRRESSOR. 15, 1z. Patent 2jR29,548:. tto The -Coopr--_
-Besseer Corp.). -ApId Jun& 29, -956. Issued -March- -2, .960.

4his invention relates to small, -Igh-speed turbocompressors: and te
the combination -or such- compressors in fluid- circuitz in which, the
volume of flow is relatively- small.. The primary: bject of the in-
vention -is to provide a small, _high-sneed, turbine driven -compressor
in -which -the gases: -being pumped- serve- to lubricate -and- .suspend: _the
rotor so.-that the viscous shear forces associated with lubricatng-
,liquids -which tend to -limit rotation-al -speeds- -are repl-aded- -in- this
invention by the much- lower viscous -:orces of a gas4 Another object
-f the invenitCin is to- provide a. turbine compressor in which a small
rotor is prov7ided -which. operates suspended by a sas stream. What is
claimed is a -turtocontressor, in which -there is- a stator having a
:Compressor -end' and _a turbine -end, and a- rotor in the stator which
-as a central shaft and a pressure chamber formed- i 1 the stator arouno
the shaft;, a .compressor wheel at one end oE the -shaft: a turbine
weel at the Opposite end of the shaft.- a source or gas under pres-
sure higher than atmospheric; Means to connect the source by pas-oe-
ways in the sLator to the inlet of the compressor, a-nd -to the inle . of
the turbine; and a means- to connect the source to -the pressure cbaw
ber. The turbine wheel and comuressor wh-reel are no ally spackd a
predetermined distance from the adjacent surfaces of the tator,



whereby the gas flows from the pressure chamber outwardly adjacent
to the turbine wheel and inwardly to the chamber adjacent to the
compressor wheel. The relative effective areas of the compressor and
turbine wheels and the pressure of the gas are such that the rotor
spins in the stator without frictional engagement.

00-014 Czwerwinshi, -Waclaw
BALL AND SOCKET COUPLING HAVING AIR BEARING MEANS.
U. S. Patent 2,869,901. (to Avro Aircraft Limited).
Applied August 15, 1957. Issued January 20, 1959.

This invention relates to pipe couplings, particularly to pipe
couplings having a degree of universal movement. What is claimed
is a pipe coupling including a hollow casing, an inner member
within the casing, tb-re being freedom of relative movement
between the casing and the inner member in all three degrees of
angular freedom, tbh inner member having two convex part-spherical
external surfaces of the same radius of curvature, the centers of
curvature of the surfaces being coincident and the surfaces lying
on opposite sides of a diametral plane of an imaginary sphere having
the Fame center of curvature and radius as said spherical surfaces,
a pipe connection on the inner member, a peripheral nozzle in the
inner member intermediate of the surfaces and in communication with
the pipe connection, two concave part-spherical surfaces in the
casing embracing and cooperating with the convex part-spherical
surfaces on the inner member, a passage in the casing intermediate
the concave part-spherical surfaces and in communication with the
peripheral nozzle, and a pipe connection on the casing in communica-
tion with the passage, a clearance being provided between each part-
spherical surface on the inner member and the cooperating part-
spherical surface on the casing, each clearance decreasing from a
maxium adjacent to the peripheral nozzle Lo a minimum remote from
the peripheral nozzle, the clearances during normal operation of
the coupling permitting some of the fluid passing into the coupling
to escape between the convex and concave part-spherical surfaces to
maintain the inner member out of contact with the casing.

00-015 Ferrand, W.A., S.G. Johnon, L.L. Kilpatrick and J.P. Lekas.
MAGNETIC DISC RECORDER. U. S. Patent 2,899.260. (to North
American Aviation, Inc.). Applied March 1, 1954. Issued
August 11, 1957.

This invention relates to a magnetic disc recorder for recording and
reproducing electrical signals. What is claimed is a magnetic re-
corder with a first disc having a plurality of troughs disposed in
and distributed over a major portion of one face of the disc. A
second disc has a magnetized medium on one face and is adapted to
assume a position in close proximity to the first disc. At least

-6-



one magnetic head is disposed in the first disc. Means are pro-
vided for rotating one of the discs relative to the other at a pre-
determined speed to deveelop a self-lubricated viscous shear gas
bearing between the discs over a major portion of the one disc.

00-011 Fischer, G.K., J.L. Cherubim and D.D. Fuller.
SOME INSTABILITIES AND OPERATING APRACTERISTICS OF HIGH-SPEED
GAS LUBRICATED JOURNAL BEARINGS. ASME Paper 58-A-231. 12 pages.
(Abstract in Mech. Engng. vol. 81, no. 3, pp. 94-5. (March 1959)).

A system of instrumentation for measuring the instabilities of gas
lubricated bearings is described. To measure these instabilities, a
system of instrumentation was needed having adequate accuracy,
respvnse, range, stability and resolution. The system used was
developed for the measurement of the arowth of small rotating cylin-
ders due to centrifugal forces. It measured the dynamic position of
the journal to within five per cent of the diametral clearance. The
system was coe posed of a Fielden proximity meter which measured
minute static and dynamic changes at a probe. The probe was one
plate of a condenser and the journal was the -other. The proximity
meter had a sensitivity of 0.001 micro-micro-farads and a frequency
response that was flat up to 1200 cps. Various factors influencing
the stable operation of high-speed rotors on gas-lubricated journal
.arings were isolated such as critical speed, unbalance, film stifft-

ness, whirl, damping, -and air hammer. Experimental data are :given
for a number of bearings to illustrate the effects of these factors
on operation of gas-lubricated bearings and correlation to -mathema-
tical analysis. The isolation and- understanding of these factors
have been due primarily to the instrumentation- developed. Rotor
assemblies- on and 3/4 -in.-diam. shafts have- been run successfully
on hydrostatic and hydrodynamic air bearings at speeds up to 165,000
rpm

00-017 Fuller, D.D., Editor.
FIRST INTERNATIOnAL SYMPOSIMS ON GAS LUBRICATED BEARINGS.
Office of Naval Research, Washington, D.C. October 26-28, 1959.
624 pp.

The fluid mechanics, dynamics and instabilities, correlation between
theory and experiment, philosophy, applications, and the method of
treating the problems and obtaining a solution for gas lubricated
bearings are presented and discussed. There are twenty papers on
these subjects.

-7-



00-018 Heizer, E.J.
WINDING MaCHINE. U. S. Patent 2,670,146. (to Specialties
Development Corporation). Applied December 24, 1952.
Issued February 23, 1954.

This invention relates to yarn package winding machines, particularly
to an improved pressure roller or roller bail for such machines. The
objects and advantages of this invention are accomplished by provid-
ing a roller bail assembly for yarn package winding machines which
comprises-a roller bail, means for rotatably supporting the ends of
the bail, and a gas bearing associated with the supporting means and
the ends of the bail. This bail, in one of its forms is constructed
and arranged to be rotated by jet propulsion means associated with
its bearings, in addition to being in driven contact with the package.
The practically frictionless bearing means enables the bail to be
rotated at a surface speed identical to that of the package while in
extremely light contact with the package.

00-019 Hersey, M.D.
PHYSICS OF LUBRICATION, III. NOTE ON THE THEORY OF AIR-LUBRICATED
JOURNAL BEARINGS. Read before the 220th Meeting of the American
Physical Society, April 28-30, 1938, Washington, D.C., as given by
Phys. Rev., vol. 53, p. 926. (June 1, 1938).

The thermodynamic characteristics of air-lubricated bearings differ
from those outlined for oil-film bearings in Chapter V, Theory of
Lubrication- (Wiley, 1936), due to the increase in viscosity of a
gas With rising temperature. Both the coefficient of friction and
load-capacity as usually defined increase indefinitely with speed
instead of approaching a limit. For a full bearing under high speed
conditions satisfying Petroff's law, the equilibrium temperature rise
T in the film is given by ATn= BK(T+To)m. The left side represents
power carried off by radiation, convection, etc., as a function -of
temperature elevation T; the knowm factor B, dependLng on bearing
design, is proportional to the square of the speed; -K(T+T6)m expresses
film viscosity in terms of the unkno-n T and absolute tempei-ture TO
of surroundings. For moderate temperature elevations, case 1A n 1,
m = 4/5. for higher ranges, case 2, r. is assuzied = 3/2, with m : 3/4.
Convenient approximations are discussed, and the exact solution given
for case 2.

00-020 Kawazaki, Y.
INVESTIGATION OF AIR BEARINGS. Trans. of Seimitsu Kikai, vol. 13,
pp. 5-7. !947. (Order frow SLA $1.10. 61-10660. 1961).

The theories for hemispherical and clircular plate bearings are dis-
cussed briefly, and fiunramental properties are experimentally veri-
fied. With respect to the friction of bearing rotation, stability
of bearing acticn, and other important operation properties this
bearing is much superior to others.



Vr e- , * ..-.

HYDRODYNANIC AND HYDROSTATIC LUBRICATED BEARINGS WITH PARTICUlAR
REFERENCE TO AIR BEARINGS.-A BIBLIOGRAPHY. General Electric Co.
April 23, 1957. Contract AT(ll-l)-17!. 43 pp.

A search of the unclassified literature and General Electric classi-
fied reports was made with reference to the use of air as the lubri-
cating fluid in hydrostatic and hydrodynamic bearing applications.
Conclusions and recommendations are included, based on information
obtained from references.

00-022 Laub, J.H.
ELASTIC ORIFICES FOR GAS BEARINGS. Trans. AziE (3. Basic Engng.),
vol. 82 D, no. 4, pp. 980-982. (Tech. Briefs). (December 1960).

The author claims two advantages over conventional fixed-diameter
type orifices: (a) lower flow requirements and () improved stiff-
ness. Test data show these gains with some sacrifice in film thick-
ness. Orifices were made from an elastomer which deformed with
supply pressure so as to reduce flow area.

00-023 Lehmann, R.
[ EXPERIENCE WITH AIR BEARINGS!. ERFARRUNGEN MIT LUFTLAGERN.

P (in German) Feingeratetechnik, vol. 9, no. 4, pp. 166-172.
(1960).

This article gives a survey- on design, properties and manifold
applicability of air bearings. At the Institut fur Geratebau der
Deutschen Akademie der Wissenschaften-, Berlin (institute of Instru-
ment Constructi6n, German Academy of Sciences, Berlin) studies on
prototypes were conducted -by a group and instruments were fitted
with air bearings for practical use and tested.

00-024 Macks, E.F.
AIR SUPPORTED RO0TOR. U. S. Patent 2,889,474. (to Air-Glide, Inc.).
Applied March 4, 1957. Issued June 2, 1959.

This invention Deortaits to dynamoelectric devic:s, particularly to a
dynamoelectric device in -hich the rotor and the stator are held in
spaced relationship by a load carrying gas film. What is claimed is
a dynamoelectric device comprising a rotor element, a stator element,
one of the elements including a core wound to provide a magnetic field,
and a sleeve carried by the stator. The sleeve has a smooth cylindri-
cal surface. The rotor includes a shaft having an end formed to trans-
mit force to a work load and also has a smooth cylindrical surface,
The cylindrical surfaces have concentrically disposed portions inter-
mediate with the shaft work end and the magnetic field. The surface por-
tions define a pneumodynamic load carrying film producing region, The

_ rotor element when rotating is totally supported radially by a load

-9-



carrying film of air generated in the region by the coaction of
the surfaces, the air in the film being supplied by the atmosphere
ambient to the machine.

00-025 Macks, E.F.
DYNAMOELECTRIC DEVICE. U.S. Patent 2,928,960. (to Air-Glide,
Inc.). Applied December 4, 1957. Issued March 15, 1960.

This invention relates to small electric motors supported by gas-
lubricated bearings. The journal bearings are of the self-acting
type. The thrust bearing is essentially a piston in a cylinder
with a small radial clearance and load-carrying action is achieved
by squeezing the trapped gas.

00-026 Macks, E.F.
DYNAMOELECTRIC DEVNICE WITH FLUID SUPPORI-ED ROTOR.
U. S. Patent 2,9371294. (to Air-Glide, Inc.).
Applied April 12, 1956. Issued May 17, 1960.

This patent is concerned with further variations and details on
gas-lubricated bearings for small electric motors, one of a series
of such patents by E. F. Macks.

00-027 Macks, E.F.
GAS LUBRICATION OF BEARINGS AT VERY HIGH TE-MPERATURE. Tribo-
Netics Labs. First Summary Report for period March 15, 1959
to December 15, 1959. Report WADD-TR-59-783, January 1960.
Contract AF33(616)-5982. AD-237 394.

Studies were made of very high-temperature gas lubrication of high-
speed bearings. An inert-gas lubricating system, gas-bearing test
rig, and gas bearings were fabricated and tested in static condi-
tions at 80 to 1500 0F. The lubricating system consists in supplying
gaseous nitrogen from bottles through a stainless-steel network of
valves, flow-meters, pressure regulators, filters, and heaters. The
test rig consists of a gas bearing mounted in a furnace in cantilever
fashion supported by two bearings outside the furance. An evaluation
of a clearance-eccentricity measurement method indicated that exces-
sively large temperature-correction factors and erratic results
occur at high temperatures. (See also Ref. 280 in previous Miblio-
graphy by Peters and Sciulli. AD-264 965.)

-IO-
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00-028 National Bureau of Standards.
ON THE CRYOGENIC ASPECTS OF PROJECT SHERWOOD. Fourth Progress
Report for the period October 1, 1960 to December 31, 1960,
Nat. Bur. Stand. Rep. 6737, December 31, 1960.

A superconducting Nb solenoid was constructed with a calculated
maximum magnetic field of 10.3 kilogauss at l.1 0 K. The develop-
ment of a 100-kilogauss laboratory magnet is described. A detailed
discussion is presented on the problem of definina the efficiency
of an ideal refrigerator, and a method is outlined for comparing
refrigeration processes. Typical load vs plate separation curves
are presented for gas-lubricated bearings tested in a flat plate
apparatus.

00-029 National Research Development Corporation.
BEARINGS. British Patent 9il,490. Applied March 18i, 1958.
Issued March 16; 1959.

This invention concerns a gyroscope which includes a rotor mounted
within a gimbai system providing freedom for rotation about each
of two mutually perpendicular axes. The rotor comprises two con-
centrated masses, mounted at opposite ends of a diameter pe-pendicu-
lar to the axle of the rotor. The rotor axle is held in one of the
gimbal ri-ns by bearings which permit a limited amount of displace-
-ment of the axle relative t6 the gimbal ring in directiors perDen-
dicular to the -rotor axis. Gas bearings may be used for the rotor
axle. The rotor -may comprise sheet metal shells defining a hollow
chamber containing two diametrically opposed weights, the shells
being secured to a hollow sleeve which rotates about -an axle pin.
Compressed air flows from the ptn through ports and past flow-
directing- blades which cause rotation of the rotor. The air then
forms the bearings at each end of the sleeve.

00-030 Pal, Jozsef
APPAMATUS FOR MOVING PARIS OF MACHINERY ON A SUPPORT.
U. S. Patent 2,912,385. (to ILicenciai Talalmanyokat Ertekesito
Vallalat, Budapest, Hungary). Applied February 16, 1956.
issued June 28, 1960.

This invention makes it possible to construct a machine tool having
a power driven tool and a plar , ground or iapped bearing surface
which may be easily shifted on a support the surface of wnich is also
plane, ground and lapped, in such a way that the bearing surface is
Provided with at least one groove, in which compressed air or another
pressure medium is introduced, so that the major part of the weight
of the machine is thus compensated and the machine does not stick or
adhere to the support. in such a way the machine-tool may be moved
on a working table or bench or on another support quickly and easily,

467



without great effort and in any direction, so that the work piece
may be machined in the desired way. If no pressure medium would
be used, the two ground and lapped surfaces would adhere to one
another so strongly that the machine could not be moved manually
and the lapped surfaces would wear very quickly.

00-031 Pears1 0.D.
THE TRIUE STRESS-STRAIN PROPERTIES OF BRITTLE MATEIRLUS TO
5000F. Southern Research Inst. Third Monthly Report,
Report ORO-381, August 12, 1960.

An investigation of gas bearings is being carried out in order to
provide design information. Changes made in the design of an
optical extensometer included a revision of the image analyzer
which will let the servo run the light to zero instead of to a
balance of half-wave pulses of light. An electromechanical drive
system is being superimposed on an existing hydraulic tensile
machine to provide a wide range of strain rates in the tensile
facili t y. The machine is being modified to accept the mechanical
equipment.

00-032 Pears, C.D.
THE TRUE STRESS-STRAIN PIP0PERTIES OF BRITTLE MATERIALS TO
50000F. Southern Research Inst. Fifth Monthly Report,
Report ORO-383, October 14, 1960.

The resistance-heated check-out furnace was operated at 55000F and
is ready for use. Preliminary designs of the induction heated fur-
nace resulted in satisfactory operation to 45000F. The gas bearings
were checked out under loads up to 10,000 lb and demonstrated a fric-
tion force of less than 1/2 lb. at 700 lb. load. Grips were pre-
liminarily checked out up to 10,000 lb. load on metal specimens.
Detailed designs were made of the optical strain analyzer and the
components ordered. The loading system ia being aligned with all
components now on hand.

00-033 Pears, C.D.
T.s TRUE STRESS-S-R11AIN PROPERTIES OF BRITTLE M ATERIALS TO
5000°F. Southern Research Inst. Sixth Monthly Report,
Report ORO-384, November 10, 1960.

Additional furnace work using the 25-kw induction power supply indi-
cated reliable long-time pcrformance at 45000 F. The detailed check
out of the prototype, flat, gas bearing was completed. Bearing
operation was very stable at 0.0005-in. gap. The design of the
spherical bearing was begun. The grips were checked with a single
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graphite specimLyen and indicated satis-factorv pertorniance with specOL-
men fr-ailure at the anticipated ult1-imatae stress. T"he load- ing system
was assembled, aligned, and operational checlk out completed. Design
study of the optical strain analyzer was continueo,

0-O0- 034 Pears, C.D.
THE TRUE STRESS-STRAIN PROPERTIES OF BRITTLE MATIERIS 10
500uOD. Southern Research Inst. Sevent1h Mothlv RepDort,
Report ORO-385, December 15, 1960.

Thne tubular fuiace was employed to he-at a graDhite spDecimen to
51300F. Op5eration was very satisfactory. The d-esig-n of the spaheri-
cal. as buearin~ way -omplted anda fabrication started. Th1e peed to

waer-cool the rr Yn5 w~as establisferd, since they ..-.. c to 9Y0Z00 Fat _-
a.eau Spetme ;~ rCo 400. The loaotlg svSt1D- Was operte

repDeatedly and th~e -re)izrtinarv check out of the inst-rument syvstem
wjas comple-ted. A moel. of: t-he strain analtyzer is Oteing a55Cmb1 eA
to check- the flrch3 4 t' aA :akd on-tLcal pertormance.

U-O5_1 Ramsdae B.* and P.3. Stokes.
INTGRAIONOF THE PR~ESSURIE DITIBTO BETWEE GCMS-110RITp

ThKLIST PLATE6MS. 'united Ninadom AtmcEnergy Authority, Develop-
mentE and Engineering Group. Report DE-G-2i2,j March 15S, 1960.

T1he pressure distriourtion i. the thrust reagion betwzen gas-lubricated
thrust bearing plates is approximated.

00-36 Renls Osborne

ON THE TrHEORY OF LUBRICATION AND IT'S APPLICATION 10 MR BEAUICHAMP
OERS' EXPEZUhLNS INCLUDIN.1G AN EXPERI1ENTAL1 DETERMINATION OF

THE VISCOSITY OF OLIVE OIL. Phil1 Tranrs. Roy. 'Soc. London, ()
vol. 177, PPD. '157-2 3-4. (18586).

This naner- is of historical impDortance in the field off lubrication
because it repcresents the firvst rigorous -mathematical fnormulation
of the theory of lubricaltion. Professor Reynolds may be deemed the
fa-ther of modern lubrication theory because his mathematical treat-
ment elevated lubrication pnactice frXom th empiica toafr
mathematical foundation. The governing equation representing thin
film lubrication is called- the Reynolds equation in honor of his
early worLk. Prior to 1880 no mathematical foundation of -the theory
of1 lubrication existed. In 1885 Mr. Beauchamp Towers performted
elaborate experiments on the pressure distribution and flow in rail-
road Partial journal bearingis. Measurements of the pressure distri-
bution in the journal sha-owed that the peak nressure was considerably
nigher than the projected bearing pressure. Reynolds, in his paper,



develops the complete theory of lubrication for an incompressible
fluid. He states the assumptions of the boundary conditions of the
lubricant and develops the Reynolds equation from the governingNair-Stokes equations stating ihe necessary assumptions of ti
Naviertokes in sai theoneceslarycation thin
film lubrication. In te derivation of lubrication equations, he
introduced the concept of the now famous Reynolds number to explaii
why the inertia terms of the Navier-Stokes equations way be elimi-
nated. A considerable section of the paper is devoted to the
application of the Reynolds equationi for a number of bearing con-
figurations3 namely, the flat inclined slider, and the partial, and
full journal bearing. Reynolds also derived the journal bearing
film thickness equation and integrated this approximately for the
partial and fall journal bearing. The approximate solution developed
by Reynolds is then shown to agree closely with the experimental test
data of Towers. Reynolds also devotes a section of this opaer to the
discussion of the visositv of var-ious lubricants. He compares the
viscosit of water, olive oil, ant air, and presents analytical
expressions to prehict te viscosity of these three lubricants over
a range of temperatures. Although Reynolds original derivation
covers only an incompressinlee f a-fluid, the general equation for a
compressible fluid may be easily obtained by includingr the gas
equation of state in the continuity equation.

00-037 Richards, 3.
RECORDING IM1BER ASSMI-LY FOR CCRUiTER OR THE LIKE.
1% Si Patent 2,915,358. (to Ferranti Limited).
Aplied Febtuary 24, 1958. Issued December 1, 1959.

This invention describes an information storage assembly for a com-
puting machine of the type having a body, a head on the body, a

storagye member an.d a means -for rotating the storage member with
respect to the body. The storage member overlies the body and in
use defines, together with the body, a space that functions as a
fluid bearing as the storage member rotates with respect to the
body. The body is formed with nassage means whereby the fluid
space is connectible to an operating fluid supply. There is an
improvement of safety release means for moving the storage member
with respect to the head on the body between an inoperative and
operative position, the safety release means includes a pressure
receiving vessel connectible with the pressurized fluid supply for
operating the fluid bearing, the movable member being responsive
to the pressure in the pressure receiving vessel to move the
storage member to an inoperative position with respect to the head
when the pressure in the pressure receiving vessel is below opera-
ting pressure. The movable member is responsive to the pressure
in the pressure receiving vessel to maintain the storage member in
an operative position with respect to the head when the pressure in
the pressure receiving vessel is at normal operating pressure. The
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storage member- has a cut-away recordi:g surface whereby the sra te
between the surface and the head increases as the movable memb-er
moves the Storaae member from an operative position to an inonera-
tire position with respect to the head. The space between the
storage member and the head is greater than the space betweep the
storage member and the body for all positions of rest of t-e storage
member when the storage member is in an inoperative position with
respect to the head.

0U-038 I Kippel HC

BEARINUGS AND BEARING LUBRICATION FOR HIGH-PERFORMANCE AIRBORNE
AIR-CYCLE REMICIERAIO UINE Franklin Institute Research

Laboratories. Final Technical Report F-A19911. for the period
October 16, 1956, March. 31, 1058. Contract NOa(s) 56-ll18-d.

This report deals with a study of bearins -and bearing ub rication

1-r Cont l ated airb-orne air-cycle refrigeration tu rinet s- h-

us r cooling in Navy turbojet engine irfcr ft. Three
tves off bearings to szpport the high speed rotor of the unit n
question were inv-stigated, analyzed, and compare ir order to deter-

mine the best, or optimum, bearing and lubrication system.. The types
of bearings considereAd were roling-ele-ent, with oil lubrication and

rfluid-film dar ns, both hydtostatic and hydrodynamic. Both incom-
p oressible and conmpressible fluids were considered in the hydrostatic
and hydrodynamic ty-pes. The result of this work was the selection
of hydrodynamic thrust and jouznal bearings of special configuration,
wh-ich use the ambient air (bleed- pr coolant) as the lubricant. it
is lieve that thseis designI s optimum, from the standpoint of sim-
plicity, suitability, stability and maintenance.

00-039 Sheinberg, S.A.
jGAS LUBRICATION OF SLIDING BFARINGS (TEORY AD CALCULATIONS) .

GAZOVAYA S-MAZKA VODSHIPNIKOV SKOL'ZRENIYA (T'oRIYA I PSCET).
(in Russian). Trenie Iznos Mash., vol. 8, pp. 107-204, (1953).

The equation of spatial flow of a gas lubricant is derived on the
basis of the study of the lubricating characteristics of gases.

~e -problem of the lubrication of bearings of infinite length (that
is, the Diane problem) is solved. The obtained solutions are ex-
tended with the help of certain assumptions to reanl bearmgi ^f
finite length. The method of Calculation of gas lubricati of
earings is described and its results are verified experimetally.



0-040 Sixsmith, Herbert

BEARINGS FOR ROTATING SHAFTS WHICH ARE LUBRICATED BY G.
U. S. Patent 2,§84122 (to National Research Develapment
Corp.). -Applied March 13, 1956. Issued _April 283, 19-559.

This patent deaals with high speed, externally-pressurized Journal
bearings having a Series of d-amping chambers located Around the
circumference. The entrance to each chamber is through a restric-
tive orifice. The overall effect of this design is to achieve a
fairly high degree of stal ilitvN and resistance to self inouce-3
whirl at elevated speedsz.

00-4i1 Skarstrom, 0I.
GAS BEARING. U. S. Patent) 19511729. (to It.S. AtLomi-c Energy
Comission). Issued September 6, 1960.

A gas lubricated bearing for a rotating shaf-t is described. The
assembly comrises a statisnarv coll ar navin nanlrm±~e
-zesiliently supported -ther-eon. The collar and annular memb-er are
provided with cooperating gas passages arranged fo-r admission ofO
pressu'rized g21as which supports and lubricates a bearina_ block

-ixed -to the rotat able s-natt. T he res i lent- means -Forth

annular -member support the latter a-zainst movemen-zt aw~ay ftom the

bearing 'block when the assembly is -in operation-.

00-040 '-sliney, H
IJERIA-TING- WOPERT-'S WEr SciiE BONDED FLUOTRIDE AN-D OXIDE X)ATfES

FOR tISEPEATIURTES TO20HCF. NASAU MNl fl-47, -Gctober 1960.

The lubric.ating properties off some exra.riiental cet-am-ic coatings,
dfusin-bonded fluoride caigs, and ceramicboded fluoride

coatings ware detenn"in-ed- The r-xnerinents were conducted in an
air atmosphere at a 51 diner velocity of 430 frt. per minute and at

temeraure frm f toL 15000?. -S5everal ceramic coatings provided

substlantial reductin im f nrxcr-i coefficient and rider wear- (com--
Dared with the unlunmracated metals): For example, acoatu
oxide (CoO) -base norr:xw gave friction coeffic= ients of 01.24 to 0.35
within the tnmerature r-an1ge orf 750 to0 14000r: serious ggalingf and
weldiing of the metal surfaces were prevented. The -J3rtric0 "Coef 1-
dients were -igher than the arb-itfrarv aiu (0.2) usuaflv con-
Sidered for effective boundary Lubrication. Ho1.wever, wnen a modepr-

atl bC frcto co*f-in cam- he tolerated, this type ofP
coating May be a useful antiwear comj-osianon.Difso-nc'
calciu fl-uoride uC~)o aynes Stellite 21 ado noe
g-ave friction coefificients ofE 0 .1 to 0.2 avt 15000?". En111duranmce
life was dependen t on the thep..al h-istory of the coating; ife

improved wir-th increased exposure tinme at elevated temperatures
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00-045 Taylor, M.K.

COMPUTER DRUM CONSTRUCTION. U. S. Patent 2,929,671.
(to Ferranti, Ltd.). Applied January 19, 1956. Issued
March 22, 1960.

This invention relates to a drum construction for a computer
machine. The storage drum is cylindvical in cross-section and has
side walls that taper outwardly from the lower end. The lower end
is formed with a cylindrical bore that extends longitudinally of the
drum. In use, the cylindrical bore is dropped over a hollow cylin-
der and air under pressure is admitted to the cylinder. Passage
means are provided in the cylinder walls to permit air to escape
from the interior to the space between the drum and the exterior
cylinder walls. Escape passage means are provided in the drum to
permit the air to escape from the core at a predetermined rate so
that. in effect, the air forms a bearing for the drum on the
cylinder in use. The magnetic heads which engage the sides of tha
drum engage the tapered exterior wd.Is so that as the drum is with-
drawn from the cylinder the spacing at the top of the cylinder
between the heads and the cylinder walls increases whereby there
is a considerable amount of side movement permitted in the drum as
it is withdrawn from the cylinder without affecting the adjustment
of the magnetic computer heads and without damaging the drum sur-
face by reason of contact with the heaas.

00-046 U-ited Kingdom Atomic Energy Authority.
GAS LUBRICATED 1FARINGS. British Patent 905,647.
Applied May 22, 1959. Issued May 10; 1960.

A gas-lubricated bearing assembly comprises a rotatable shaft hav-
ing a sleeve bonded thereto by a rubber-sealing band and a non-
rotating bush secured and sealed to a casing by a ring. A pipe
supplies gas to the bearings via pipes and jets and a pipe also
supplies sealing gas to the bearing. The gas pressure in the
bearing is controlled by apertures in the bush. The sleeve is
assembled on the shaft prior to introducing it into the casing,
and it is held by collets. Rubber is then injected into the
passageway to fill the groove in the shaft, the rubber is cured,
and the collets are remove6. There are also a number of modifi-
cations of the above described assembly.

00-047 Vogel, N.A.
AIR HEAD. U. S. Patent 2,886,651. (to International Business
Machines Corp.). Applied April 8, 1955. Issued May 12, 1959.

This invention relates to magnetic recording neads, particularly to
air-stabilized magnetic recording heads, referred to vs simply "air
heads". I: is desirable to prevent the magnetic transducer from (
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engaging the recording media to thereby prevent unnecessary wear and
also possible damage to the recording media. Air heads have been
successfully utilized for spacing transducers from the recording sur-
face; however, it will be understood that in most prior air heads
failre of the air supply results in engagement of the recording
media by the head and the concomitant ill effects. It i, one object
of the invention to provide an improved air head having a fail-safe
characteristic whereby the head is moved away from the recording sur-
face upon the failure of the air supply. What is claimed is an air
head having a first position remote from a recording surface and a
second position closely adjacent to this surface including a face
on the head arranged in opposition to the surface, an orifice in
the face, and means for supplying air to the head for flow through
the orifice. This orifice is arranged to exhaust the air therefrom
at a divergent angle lying between 200 and 400 relative to the face
wherein force developed due to the air flou pulls the head from the
first position to the second position.

00-048 Weir, A., J.L. York and R.B. Morrison.
TWO- AND TREE-DMENSIONAL FLOW OF AIR THROUGH SQUARE-EDGED
SONIC ORIFICES. ASME Paper 54-A-112. 17 pages.
(Abstract in M., vol 77, no. 4,
p. 353. (Apri 2 955))o

In this investigation, the two-dimensional flow of air through rectan-
gular, and the three-dimensional axisymmetrical flow of air through
circular, square-edged sonic orifices was examined under pressure
ratios ranging from 1.894 to 42.0 (upstream stagnation pressure/down-
stream static pressure). Mass flow measurements were made using a
primary metering system, rather than another orifice or nozile, and
optical techniques were used to obtain pictures of the flow upstream,
within the thickness of the orifice plate, and downstream of the
orifice. Evidence is presented in this paper which indic-tes that
square-edged sonic orifices can be treated as sonic nozzies by util-:
izing the concept that the air "turning the corner": of the orifice
plate, in effect, makes its own nozzle. It is believed that this
interpretation of experimental observations is in full agreement
with established principles of aero- and thermodynamics.

00-049 Whitley, Stanley
GAS BEARING FOR COMPRESSORS IN GAS COOLED RENCTORS. Proer. in
Nuclear Energy, ser. IV, vol. 3, pp. 3-28. (1960).

The design of compressors for use in gas-cooled reactors is consider-
ably simplified if gas bearings are used. The results of the research
on gas bearings by UKAEA are summarized. The load capacity and vibra-
tion characteristics of both hydrodynamic and hydrostatic bearings
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developed. The most useful riachiines employ hydrodynamic beariLngs;
hydroetatic operation is at present limited to starting and stop-
ping periods.

00-050 fVhitley, Stanley and t.G. Williams.
THE GAS-LUBRICATED SPIRAL-GROOVEf T1HRUST BEARING. United
Kingdom Atomic Energy Authority Industrial Group.
Reot2(DC-) February 18, 1959.

An existing hydrodynamic theory of- lad-carrying capacity is de-
veloped and the optimum values of the four imporitant groove van--
ables are obtained. TIhree thrvust plates of outside diameter 5*55,
6-5 and 9-5 in. respeetively, are investigated experimentally, and
the results are COMpared with the theory. It is shown that the
theory is basically sound excepting that, for any one plate, there
is a constant error dependin.Z on the geometrical configuration of
1he plata. A theory of distortinn caused by temperature gradients
set up in the thrust plates is developed, and the ueneral form of
the theory is checked experimentally. The experiments also show
how much of the heat developed by the frictional drag in the gas
film escapes axially throughl the plates, ThIe effect of imposing
a swash on the rotating plate about five tim-1es bigger than the
thfrust plate gap is measured at 3000 rev/mgn.anfodtob4
very small. A quantitative comapar-ison is made -with a theoretical
value,, and reasonable ag-reement is obtained.

00-051 Wilcox, RJ-I.
AIR BEARING. U. S. Patent 2 ',6831636.
ADplied -November 12, 1949, IssuuEd July 13, 1954.

This invention -relates to improvements in bearings ihich t-he lub-
ricating film between tthe bearing sui-faces is a gas, usually com-
Dressed air. More n art ioulanly tEhe invention IS Specifically con-
cerned with parallel surface air bearings. What is claimed is an
air bearing comprising a pair of parallel bearjing surfaces separated
by a continIuous lubricatinlg film of cooressed gas, and means fed
fLrom a comrpressed gas supply distributting: compressed gas free of
toreign inelastic m-atter throughiout the fillm to sustain the ftlm
continuous without vibrati;on of' the 'nearing; means comprising a
gas flow passage formulation affording a restriction between the
film and the supply and having a total perimeter opening into the
film not greater than "I1 of the perimeter of the film.
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00-052 Wildmann, M.
CONSIDERATION OF STARTING OF GC.S LUBRICATED BEARINGS.
ASME Paper 60-LDM-11. 5 pages. (Abstract in
Mecc. Engna., vol. 82, no. 12, p. 84.
0eember 1960)).

The starting and stopping of self-acting gas-lubricated bearings
differs from the starting and stopping of oil-lubricated bearings in
that there is usually a complete absence of a lubricant having bounda-
ry lubricating .r.erties. The frictional energy generated by the
sliding of the two bearing surfaces has therefore to be absorbed by
these surfaces. This metal-to-metal contact generates wear particles
and can cause bearing deformations. These effects are very undesir-
able, particularly if the close tolerances and small clearances
usua- associated with hydrodynamic gas bearings are taken into
account. The forces acting on a gas-lubricated Jcirnal hcaring at
start are examined, and an expression for the frictional energy dis-
sipated on the bearing surfaces is obtained. Examiration of this
e.xpression indicates that for a full gas-lubricated journal bearing,
this energy is always less whun the outer member rotates.

00-053 Woodrow, J.
VISCOSITY-PLATES FLOW AN. LOADING. United Kingdom Atomic
Energy Authority Research Group. Report AERE-al-31,
December 22, 1949.

The radially inward flow between annular viscosity plates i- investi-
gated by the methods of lubrication theory. The flow rates and pre-
sure distribution are obtained for isothermal flow of a gas and for
an incompressible fluid. The resultant force on the plates due to
the radial flow are worked out for the same two cases. If the entry
pressure equals the pressure outside the plates, the load can be
expressed in a compDletelv non-dimensional form, involving only the
shape factor q. and the pressure ratio s. For an incompressible
fluid, the load factor depends only on the shape factor q.

00-054 Woods, L.R.
VIBRATION TABLE. u. .-. Patent 2,862,3835. (to International
Electronic Research Corp.). Applied August 8, 1955.
Issued December 2, 1958.

This invention relates to vibrating machines and particularly to a
v-ibrating machine capable of testing relatively small objects for
breakdown at vibrations of extremely high frequency. An object of
the invention is to provide a new and improved atr floated support
tor a table or platform to rend(er it virtually frictionless unoer
a great variety of load patterns. Another object is ta provide a
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new and improved air floated support for a table or platform to ren-

der it virtually frictionless under a great variety of patterns,
What is claimed is a vibration testing mcchine comprising a stationary
base; a table mounted on the base adapted for the reception of objects
to be subjected to vibrations; the base having upstanding columns on
opposite sides and the columns having parallel longitudinally extend-
ing slots depressed outwardly into respectively inwardly facing sides
of the columns; the slots having a portion lying above a horizontal
plane and a portion lying below a horizontal plane; the table having
outwardly extending edges fitting into the slots with a clearance of
substantially a few thousandths of an inch; air passages in the
columns, the passages having branches opening directly into upper and
lower portions of the slots; a source of high pressure air communica-
ting with the passages to provide an air float for the table; and
vibration-producing media in spaced relationship with the table
adapted to vibrate the table in a horizontal plane.

00-055 Zaid, M. and I.S. Tolins.
THE MEASJREMENT OF VERY LOW FRICTIONAL TORQUES IN ROTATING
EQUIPMENT. Trans. ASME (J. Engng._Industry), vol. 82 B,
no. 4, pp. 382-386. (November !960).

The frictional torque in such devices as air bearings is measured and
resolved into coulomb and viscous friction components by analysis of
the observed deceleration during free rotation. Two methods of
analysis are given. Both are based on the differential equation of
motion of the rotating system and give results that are in satisfac-
tory mutual agreement. In the first method an integration is ob-
tained from which a phase plane diagram is derived !n which the
friction components are read off as slopes and intercepts. To
carry out the analysis measurements of argular displacement, time
and velocity are required. The second method proceeds from a dif-
ferent integration of the equation of motion, is more complex, but
requires measurements of only angular displacement and velocity.
It is believed that the general applicability of these methods will
make them of interest to many workers in the fields of friction and
lubrication.
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61-001 Adams, C.R., juaj I -5rski and E...

aTERNALLY PRESS' tLZED STEP il-RNAL BDAPINGS Trans. ASM (J.
Basic Engnd.), vol. 83 D, pp. 595-602. (1961).

An externally pressurizeud gas earing which achieves its load carry-
ing capability by utiizing fow throttliing dams paralle! to the
direction of rotation _s discussed in 'his paper. Test procedures
and equipment used to develop this bearing concept are described. A
theoretical method of dete-wining pressure distribution and load
carrying capacity for the bearing is presented and correlated with
experimental data for nonrotating shafts. Experiments showing the
behavior of the bearing under shaft whirl conditions are described
and illustrated. Suggested ranges of the design simplicity as well
as the static and dynamic stability of this beaing oncept are pre-
sented.

61-002 sAdams, P.R., G.B. Speen and C.C. Miller, Jr.
GYROSCOPES. GYROSCOPE STABILISED SYSTmS AND GAS BEAP- S FOR
THE SAME. British Patent 884,061. (to Standard Telephones and
Cables, Ltd.) Applied June 3, 1958. issued December 6, 1961.

This invention relates to highly accurate, low drift gyroscopes, and
- in particular, to what may be called the "bootstrap': type of gyro-

scope, (any type whose drift cecreases nearly to zero if the main
frame is maintained in nearly perfect alignment witb -the rotor axis.)

This invention also relates to a novel form of spherical gas bearing
useful in such a gyroscope. What is clai-med is a gyroscope including
a frame, a rotor, means rotatably supporting the rotor relative to
the frame, the supporting means comprising a plurality of pairs of

separate gas bearing pads, the pads in each of the pairs being dis-
posed in opposed axial relationshi-ps, the rotor having bearing means
disoosed in coactive association with the gas bearing pads, the axes
of the pairs being disposed in coincidence with corresDonding center
lines of opposed forces or an z-ag-inary regular polyhedron, and means
associated with the frame and tne pads to feed gas along the gas bear-
ing pads to form gas bearings for the rotor.

61-003 Allen, D.S., P.J. Stokes and S. Whitley.
THE PERFORMANCE OF IWIWNAflLES- FSSRIZED ARINGS USING
SIMPLE ORIFICE P1ESlICTORS. Trans. ASLE, vol. r, no. 1,
pp. 181-196. (April 1961).

The load capacity and vibration characteristics of externalv pressur-
ized thrust and journal bearings have been investigated. The bearings
used orifices sufficientlv recessed back from the bearing surface to
ensure that the area of the orifice is the minimum presented to the gas
flow. The journal bearings consist of plain cylinders with one or two

FL rows of eight orifices, and the thrust plates of Dlain discs with six



orifices drilled in equispaced circumferential grooves. The load
Caacitv of the thrust plates agrees with that calculated but the
vibrations are greater than predicted. The load capacitv of
jornal bearings is about half that calculated assuming axial flow
conditions in the bearing, but circumferential flow can account for
the difference. Synchronous and half-speed v-'brations of a shaft
rotatinE within these bearings have been measured and found to agree
with those calculated on the assumption that the gas films behave as
linear springs.

61!-004 Anonymous.
GAS LUBRIC-ATED BEARINGS. Engng. Mats. and Design, vol. 4,
no. 7, p. 425. (July 1961).

The design of pumps to circulate the hot gas for a gas cooled reactor
presents a problem which cannot be solved with complete satisfaction
if oil lubricated bearings are to be used. There are two particular
difficulties. The greater one is that there must be no risk of oil
entering the gas circuit; if it were to do so, it would be i-radiated-
and might interfare with the operation of the reactor. Further, any
rotating shaft passing through the wall of the gas circuit must be
sealed very effectively against leakage of the gas. Shaft sealing is
a complexity which is desirable to avoid. If gas lubricated bearings
are used, instead of oil lubricated, the problem may be solved by
putting the motor and the bearings within the gas system. The bear-
ings are then lubricated by the gas, and no rotating shaft has to
pass through the wall of the pressure system. The advantages which
make this design attractive in nuclear engineering apply also to
other gas circuits, so gas lubricated bearings should soon be making
their appearance in various other types of industrial plants. The
advantages are sumarized. Research work is continuing on the de-
velopment of bearings capable cf still higher loads, and on the solu-
tion of the various problems which appear as gas bearings are applied
to special industrial p-rojects.

61-005 Ausman, J.S.
APPROXIATE AN_\ALYTIAL SOLUTION FOR SELF -ACTING GAS LUBRICATION
OF STEPPED SEC-WR -H.RUST BEARINGS. ASLE Trans., vol. 4, no. 2

pp. 304-13. (November 1961).

Certain approximations are made which permit linearization of the
pressure (Reynolds') equation for compressible lubrication zs well
as separation of variables. A series solution to the resulting
approximate equation is then developed to obtain estimates of the
pressure and load for self-acting, stepped, sector thrust bearings.
Nuerica soltions are presented showing the optimum number of sec-
tors, the optim' step location, and the optimum depth of the step
to achieve maximum load carrying capaci-y. A design chart permits
rapid estimation of the load-deflection characteristics fEr optimized
stepped sector thrust bearings covering a wide range of nominal
operating conditions.
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61-006 Barker, Allan and John -kshton.
IMPROVE INTS IN OR RELATING TO GAS BF-ARING SYSTEM-S. British
Patent 876,136. (to United Kingdom Atomic Energy Authority).
Issued August 30j 1961.

A hydrodynm ic gas-beariug system is designed with reciprocating
movement for a compressor. The system comprises two bearing members,
one of which is a sleeve enclosed in a sleeve and the other is a
double-ended piston reciprocated in the sleeve by pressurized gas at
one end while the other end pumps a contaminated gas. The piston is
also rotated by a rotating magnetic field, thereby superimposing a
sustained movement on a reciprocating movement.

61-007 Bsnnett, E.C.
CAS LUBRICATED BFARINS IN A NUCLEAR APPLICATION.
General Electric Co. Report March A, 1961 .
uontrr-t AT-(45- '-1350.

Tne development and operational history of gas circulators for in-
reactor Las-cooled loops which use the loop gas as the lubricant
are described. Circulators incorporating hydrostatic journal-and-
thrust bearings were run in the DR-l loop with He or N, for a total

of 9533 hr. Only minor difficulties were encountered, and bearing
wear was negligible.

61-008 Bosco, A., E.S. Cain and G.L. Green.
EXPLORATION OF BEARING LUBRICATION USING WORKING FLUID VAPORS.
The Garrett Corn. Report for the period July 15 to December I,
1961, Report BR-5239-R, December 1961. AF contract AF33(bI6)-
8082.

The Princnal objective of this prog-am is to investigate the lubrica-
tine characteristics or potassium and rubidium vapors Ln self-pressur-
ized and externallv pressurized thrust bearings at conditions repre-
sentative of advanced system requirements. Thrust bearing analyses
were -ade to determine test rig requirements of flow, pressure, and
general test bearing requirements. The test ne and coD lavcut and
detail drawings have been comwleted, and the fabrication is approxi-
mately 50t completed. The thrust bearing analysis and desien for
the test bearings are complete, and the first test be:1ring parts
have been fabricated cor both types of bearings. Special test in-
strulentation designs have been made and feasibility chec-s C n-
ducted.
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61-009 California Institute c4 Technology.
RESEARCH SU.TfRY NO. 36-10, VOLUM4E I FOR THE PERIOD JUNE 1, 1961
TO AUGUST 1, 1961 (ON SPACE RELATED RESEARCH). Report NP-0832,
September 1961. Contract NASw-6.

The development and testing of a capillary gas-pumping system for gas
bearina instruments are discussed.

61-010 Carothers, P.E.
AN EXPERLMEN AL IVESTIGhTION OF rI-E PRESSURE DISTRIBUTION OF
AIR IN RADIAL FLOW IN THIN FILMS BMETEEN PARALL E L EiATE S.
U. S. Naval Postgraduate Schcol Thesis, 1961. 69 pp.

An experimental investigation of the pressure distribution of air in
radial flow between parallel plates was conducted. Data were
collected on the pressure distribution, mass rate of flow of air and
film thickness. Variations were made in the load applied to the
upper plate, stagnation pressure at the air supply hole, and the
upper plate geometry. Two upper plates having the same outside
diameters but different supply hole diameters were employed. Two
flow regimes were defined, that where the flow of air is dominated
by the viscous forces wherein the pressure decreases steadily from
the supply hole to the outer edge of the upper plate and that where
the inertia forces prejominate and the flow becomes supersonic near
the air supply hole. In this latter regime, it was found that the
mass flow can be predicted by the theoretical choked flow through
the cylindrical area defined by the film thickness and the diameter
of the air supply hole.

61-011 Coffey, T.C., CI. T. Pan, K.'W. Jenkins and Beno Sternlicht.
DIFFE-RENTIAL ANALYZER_ STUDIES OF DYNMfIC BEHAVIOR OF GUAS
LUBRICATE-D RIGID VERTICAL ROTORS,. General Electric Co.
Report AN62-13188, October 1961. Contract Nonr-284(O0).

The motion of a vertical rotor with prescribed initial conditions
usin fluid film forces that are based o- the steady whirl analysis
is studied. Specific objectives are three-fold; to check the calcu-
lated motion of the rotor against experimental evidence in order to
verify the validity or the hyDothesis which was employed to calculate
the fluid film forces; to examine the stability of the synchronous
wirl motion; and to determine the effect of damnping and coupling
tems on the stability of synchronous whirl, The d-namical equations
of the rotor are intearated on the PACE differen -ial analyzer. The
study revealed that the differential analyzer provides a useful too!
for studying the dynamic resnonse of rotors, and that it is especially
useful when the govern4ing- equations are nonlinear. The principal
auvantace of the ifterential analyzer is its ability to rapidly scan
a multitude of variables for regions of specific interest. he half

reuen w motion of a balanced vertical rotor was simulated,freqenc w~ri otin ofa ..... = =w
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adit +.as zon -ht the ar-11oz s--AatL.On or, sun!,ro..A. --
is not sa-i (in conflict. With exo'erience -- ). Either ext-ernal cauio

im and/f-or -rv-etin theoreticlfuA'1t ocscnel
nate thi,-s srunv

6 1-0 12 Romoet f-vorind1 a Ud- -L

r-bIxPERDyFN A1L INVESTIGATIOGN co-'-PUII-'-''--,ci-
.. ~Z S rn~ t.-. qE4~ IN A

GAIS BEARIZNGi]. RENCIERCEES E-XPERIhEN hLES ORUE tD
L* -iT IZN7-IWN UNE BU~ A G-A S (in Frenc;--) . Comot. Pend

Acad. Sci., pars vol. 253, no. 22, PD. 2450-2-462.(16)

Exprienalinesigtion or tnle radial oressure dltmulnano
viscous-frictfin couDling in a gas bearin. Th eulsaeon

tb inreasonaly good agree-en with those of a revious; analyss
of t h e flmow in such a baig

IDYNNG AF AR BLAIRIhGSL. STJRM LA DY-NAMIOUB1 DES PALIERS A
AIR. (in French). -Rev. Mecan - Annsi., vol.6 n.3n- 1-

330. (161)

The the-on motion of a Shaft- irnan ai ora -aring;
-- ~analyvsis is considerablyv more dfiutthanfr aliu-ban,
-- as the equation IS bas-icall noliJnea.T- autho0 r m4ae necessar-y

approximaltions to Obtain the st ab1)iliy equ tn from whose roots
he deduces that, anr- undamped component off mtnmay exist +havin a
trecuency one halt that of shaf roaton Exermental results

61=0 11 Cnzntxsu V .N
-: nIL-ARITi CflKI N OPERUflON OF BEARLS FOR- LQUI -M

GASEOCUS 'LUBRICATIONI0. lRITERII PODOBIYAi alJA EABOT-y

uRv. Me . Ap. vol. ZIID Io l z A&VO PDAZE. (in ussian).
v.~e~2 .pn1. vl. 6 no 4,pp,519-5317. (1961).

Fro gfene-ral equatLOfls O= motion; uncer nonc-imenstonal conditions,
par-etrs etermrining behavior of bearings are deduced for mods

-- L ±iui bearing laminar iuhricat-ion, and liquid bea'ring turbulent
lubrication5 as well as gaseous lubricain

61-015 Cooper, Stanley
AN ASOF TH VALOF T F THOR N PREDITTa %' GAS-BEARN

P~F~L~a-.Trans ASNE (J_ Basic Engnej., vol. 8S3 D, n.2
pp.- 1905-200. (uname 1961).

Ineoretical an xeiental ivestigationar of: the char-acteristics and
potentl-ialities off hyd~rodynami--:c g-as bearings, ujsir h plain ora
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bearing as a Mrael is discussed. Methods oi solving the Reynoldst
equation, using both desk and digital Computers, are described, as
are tnethos of stabilizing the Oprocesses of solution. The theoreti-
cal metkods used are evaluated and with experimental results
Some theoretical results are presented to indicate the effects of
incuding slip velocity, stabilizing slots, aid a Simple case of
whirl.

6±-16 Duncotmbe, Edward and Harold Pugh.
IMF IOVa4EN _TS IN OR RELATING TO, CENTERIFUGALZ PMPS AND) AWRAAUS
FOR SAMPLING RADIO-ACT-VE LIQUIDS. British Patent 870,829.
Applied February 17 1959. issuedJne 21, 1961.

This invention relates to centrifugal pum-a and to apparatus using
such p l-ps for the sampling of radio-active li qu ids. The appara-
tus co-rises :-ioloical shieidine havng inside the shieiding a
PiDe for radioactive liquors and outside t-he shieiding a pipe f r
radioactive liquors dra-n off from the pipe inside the shielding,
a centrifugal -u- havif g its inlet com.unicatinaZ with. M the Dive
inside the shieldid ald its outlet connected with an outlet pipe
coupled to the pipe outside t- shielding. The pump is contai.ed

within a casi-q exterding frm outside tvhe shieldina to be integral
with the pipe Tnside the shielding. The pump i removable iron the
casing through an aperture accessible frm outside thIe snieiaIne.
The pump is proviceo witn-, air lu e bearings and is driven by
anT air turbine The ou'tlet and pipes feeding the bearings and
turbine are contaiTned ihin the casing to pass thr1ng "the shield-
ing.

61-017 ElWell ihr
ENR~Gy T-nFr_~y OF- FXYpnu-- Cy WilL Trans. -ASME (J. Hasi'

EnrKtvol, 832 D,-. 3, pp 7845.(eneb

The author postulates th-, t alf-frequency occurs the

. i=zettc enteryotn film exceeds the static Estrair
enerdv' stored i the 4! I. ..a strain energy is equivai- to
the work done b aci te ourna in direction of he
load, against the elasticitv of the tufi Lannl ns -carried out for a0 series of rotor-bearing config rations for which

a measured whi speed was available.
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f
position under about 1g. load. From these curves, horsepower ra-
quired was obtnpe m a m.....easur of frc".onal resiutancu offered
by the revolving rotors. Internal pressure distributions, load
capacities, rotor dieplacements- bearing spring constant, inversion
point, internal temperature, rotor vibrations, and internal air flow
were irnvesti~ated for three configurations studied. A brief theo-
retical analysis of the 2-wedge air bearing is given. It is thought
that when the 2-wedge air bearing theory has been refined and veri-
fied, only minor modifications will be needed to apply this analysis
to the 3-wedge bearing. Analytical study of air thrust bearings and
the influence of an electromagnetic field on the performance. of air
bearings are areas suggested for future investigation.

61-021 Gobert, Gerald,
[BEARINGS FOR HIGH SPEED ROTORS]. PALIERS POUR ROTORS TOURNANT
A GRANDE VITESSE. (in French). j. Phys. Rad., Phys. Appl.,
vol. 22, no. 2, Dp. 39A-42A. (February 1961).

The results are given of various experiments which have nade possi-
ble the design of bearings such that the relative tangential
velocity between static and dynamic parts i- greater than 30 m/s
for angular speeds greater than 3,00"1 r.p.s.

61-022 Goetz, Alexander
GAS SUPPORTED BEARING. U. S. Patent 3,012.827. (to California
Institute Research Foundation). Applied January 6, 1959.
Issuied December 12. 1961.

This invention describes a gas bearing comprising a shaft, a rolling
element bearinrg having inner and ouarrazes with rotating elements
between, a journal por Lion carried by the outer race of the bearing
and a bearing element surrounding the journal portion. The journal
po:tion and bearing element define confronting but spaced cylindrical
surfaces. There is a means for mounting the bearing element for
limited jadial displacement to facilitate positioning of the bearing
elemert in concentric relation with journal portion. It also provides
for a viscous dampening mediuo for the bearing element.

61-023 Green, GL., A. Bosco, E.S. Gain and E.L. Kumm.
MINIATURE AIR-BEARUNG SUPPORTED, AIR-TURBINE-DRIVEN DENTAL

AINDPIECE. USAF Aerospace Medical Center, School of Aerospace
Medicine. Report 61-90. December 1961.

The design, fabrication, and operation of a dental handpiece employ-
ing air-bearings and having a cutting capacity and speed range com-
patible with commercial handpieces are discussed. A design was first
conceived, test parts constructed, and tests run to determine the
operating characteristics of the test parts. The principal source of
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trouble in the tests parts was the flaking off of the tungsten
carbide from the high-speed rotor. In later tests solid tunEsten
carbide was incorporated into the instrument instead of the plating
previously used, Results of these tests led to the design and
fabrication of a prototype handpiece that was operated successfully.
Need for improvement was noted in some areas and remedies suggested.

61-024 Laub, J.H. and H.D. McGinness.
RECIRCULATION OF A TW0-PHASE FLUID BY THERMAL ANMD CAPILLARY
PUM|PING. Jet Propulsion Laboratory. Report TR 32-196,
December 8, 1961. Contract NASW-6. AD-268 692.

A closed-cycle gas-supply system for gas bearings and gas-floated
devices is described which eliminate mechanical pumps or compressors
and uses instead thermal and capillary pumping action. A small
quantity of a two-phase fluid of suitable thermodynamic characteris-
tics, such as Freon, is recirculated in a c-osed system. The fluid
is thermally vaporized in an evaporator, and the superheated vapor,
after passing through the gas bearing, is condensed and returned to
the evaporator by capillary action. The system is of special inter-
est to space applications because it can operate in a zero-g envirop-
ment from solar or nuclear power sources without conversion to eiec-
trical energy.

61-025 Levene, M.L.
AIR LU RICATION, A DEVELOiMENT TOOL. Mech. Engng., vol. 83,
no. 12, pp. 53-55. (December 1961). (Condensed from Paper 61-
Lubs-12 presented at the ASME Lubrication Symposium, Miami, Fla.,
Mal 8-9, 1961).

Gas bearings, with their great convenience and accuracy, can make
possible the economical tryout of a new device, leading to an informed
decision on further development. The self-centering properties of the
externally pressurized bearing have proved very valuable as has the
uniformity of the rotating friction torque. Devices which make use of
air as a lubricant profit from its relatively low viscosity which
varies little with temperature. The resulting constant friction tc .ue
is sought in many forms of tape-drive mechanisms as well as in gyros
and in memory drums.

61-026 Litton Systems, inc.
PRODUCT DIPROVEMENT PROGRAIM FOR THE DEVELORENT AND FABRICATION
OF A GAS LUBRICATED SPIN BWRING GYRO. Quarterly Engineering
Report 3, for the period June 15 - September 15, 1961.
September 15, 1961. Contract N0w 61-0280-c. AD-269-2 3L.

The gas lubricated spin bearing gyro, designated as the G-200G, is a
modification of the existing gvro G-200, currently in production and

-31-



I -.

being delivered to Naval programs as a part of the P200 Inertial
P-atf -Progress isescribtd in a product improvement program.

to increase the performance capabilities and operating parameters
of the existing gyro.

61-027 Loch, Erwin
SUPPLYING SUPPORTING GAS TO A GAS PRESSURE B&ARING. U. S.

Patent 3,013,845. (to Eschar Wss Aktiengesellschaft).
Applied June 8, 1960. Issued December 19, 1961. Applied
Switzerland June 26, 1959.

This invention describes a gas pressure bearing surface having a
bearing member and a supported member movable in relation to the
bearing member along adjacent surfaces leaving a gap between one
another, and zt least one restrictzd passage for the supply of the
pressure gas to the gap. This restricted passage is formed as a
Laval nozzle. The Laval nozzle eiiminates certain disadvantages.
With supply nozzles heretofore, it was a disadvantage that for a
given inlet pressure, the flow quantitatively fell off compara-
tively rapidly when the back pressure rose above the critical

pressure, at which the velocity in the nozzle is that of sound.

6 1-028 McGinness, H.D. a

CHARACTERISTICS OF A GAS-SUPPORTED SPINNING SPHERE. Jet
Propulsion Laboratory. Section Reort 3A5-i, May 17, 1961.

A sphere which is supported by a finite number of small gas bearing
pads may serve as a reaction sphere for attitude control, a spherical
gyro, or a near-frictionless pivot. Among the important characteris-
tics of such a device are the following: (") Bearing stiffness as a
function of displacement from the concentric position; (2) Gas-flow
rates; (3) Power required to maintain a gtven angular velocity; and
(4) Radial dilation of sphere due to angular velocity. This analysis
is based on the following assummptions: (1) The Plenum pressures for
all pads are identical; (2) All control orifices are identical; (3)
The orifice coefficient is 0.900 for all conditions; (4) The gap at
any one pad is constant over its surfaces; (5) Inertia effects are
neglected; and (6) There are pads equally spaced on a north parallel
and r? pads equally spaced on a south parallel, and displacement is
normal to these parallels.

61-029 McKenna, R.D.
GAS LUBRICATED BEARINGS FOR ADV.AN1CED SYSTEMS ELECTRICAL ACCESSORY
EQUIPMENT. Chrysler Corporation, Missile Division. Design Manual
RLM ,I. Interim Technical Documentary Report, October 31, 196].
AF contract AF 33(616)-7919.

Desi~n criteria are given for porous-metal bearings capable of oDerating
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under the fc¢:owing conditinns: temperature ofne o -6F to
10000F, nuclear radiation, and 25-lb. thrust load. The geometry of
a bearing that would meet the high temperature requirements is given.
Fabrication techniques, materials, processes, test conditions and
procedures, results, and design procedures are discussed. A reliable
electrolytic erosico method that overcomes previous machining pro-
blems was developed. This method worked on both porous bronze nd
stainless steel. To eliminate the seal problem in the temperature
range a new micro brazing method was used to join the porous inserts
to the bearing housing. All bearings were made from stain'ess steel.
Ambient-load tests, high temperature tests, and ambient-pressure flow
tests were carried out. Radial bearing parameter effects, porous
thrust bearing parameter effects, and solid thrust bearing parameter
effects are analyzed and these results form the basis for the design
of radial bearings, thrust bearing - porous face, and thrust bearings -
solid face. Tables are included to show that for a given constant load
condition of a bearing, the supporting pressure increases and mass flow
decreases as bearing temperature is increased.

61-030 Marcus, R.H., J.P. Capellupo and A.W. Lindberg.
RESEARCH ON A DUAL FREE-ROTCR DIFECTION-SENSING DEVICE. The
Universal Match Corporation. Technical Report ARL 127,
December 1961. AF contract AF 33(616)-6201. AD-274 365.

A preliminary feasibility study of a two-roor gyroscope was extended
to the analysis and design of a dual free-rotor gas supported gyro
model. The analysis consisted primarily of determining static pres-
sure and flow and dynamic stability characteristics for both of the
externally pressurized stepped spherical gas bearings that support the
two spherical rotors. Deformation in the spinning rotors was calculated
and a method was developed to compensate for the deformed shapes. A
description of the complete design for a research model of the dual gas
bearing configuration is presented, along with a description of its
operation and instrumentation, which is capable of accurately measuring
the angular drift of the inner rotor spin axis. The primary purpose of
this model is to provide drift measurements that will demonstrate ex-
perimentally the theoretically established feasibility of the deal free-
rotor gas bearing as a piecision direction-sensing device. The feasi-
bility of a self-pumping spherical gas bearing was investigated for
the purpose of applying that principle to the outer bearing so that it
could Dressurize the i,"ner bearing. The complexity of the Droblems
involved in applying this principle to the dual rotor model made it
necessary to omit this feature at this stage. The feasibility of the
principle was, however, established, and the results were sufficiently
encouraging to indicate the desirability of further study.
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GAS LUBRICATION OF BEARINGS AT VERY HIGH TMIPERAL URES, HIGH SPEEDS,
AND LOW LUBRICANT FLOW RAIES. Fairchild Stratos, Inc. Stratos
Division Progress Report 2, for the period June 16, 1961 - October
15, 1961. AF contract AF 33(616)8047. AD-274 307.

Initial installation and operational testing of an experimental ore-
heating oven for five separate gas-supply circuits has beer1 completed.
Modifications to the test control and instrumentation panel required
for operation with the- gas preheating oven have been performed. A
ceramic test shaft was operated in a ceramic bearing at speeds to
65,000 rpm and at temperatures from room temperature to !900 0F.

61-032 Megroz, R.
GAS BEARINGS AND THEIR USE IN INDUSTRY. Sulzer Tech. Rev.,
Research Number 1961. pp. 65-8.

Gas bearings are not intended to replace the other types of bearings,
but have their own specific field of application. They may be divided
generally into two classes: hydrostatic and hydrodynamic bearings.
The attention of Sulzer Brothers has been concentrated on the latter
type. The research work and tests carried out up to the present show
that there is a place in Industry for machines equipped with gas beer-
ings, and this statement applies to their manufacture as wel! as their
use. Such machines have a natural application, for instance, as circu-
lators or compressors for gas coolants in nuclear power plants, while
the chemical industry can also use them to replace much more complex
and expensive layouts.

61-033 Nahavandi, Amir and Fletcher Osterle.
NOVEL FORM OF SELF-ACTI3 GAS LUBRICATED T1HRUST BEAR INGS.
ASLE Trans., vol. 4, no. 1, pp. -130. (April 1961).

A nonpressurize_ parallel-surface gas l-uhricated +t rust bearing is
analyzed with thc- slider in steady spin and nresession and found to
develop a load capacityt The operation of this self-acting thrust
nearing over a range of operating conditions is studiec ano tne

results applied to the so-called bevel bearina. The load canacitv
is obtained numerically by solvini Lh Reynolds' equation for com-
pressible lubricant in finite difference form on a Ihigh speed digi-
tal computer. It is found that this load capacity can be significant.

61-034 Parsons, G.C., J.A. O'Shea and F.H. McGeough.
AIR BEARING RATE MhBLE. Military Sys. Design vol no. o
(November-December 1961).

Turntables used for testing inertial gyros have b-een improved 'r the -

use of air bearings which eliminate the problems encountered when

.1 i
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oall, roller, or oil bearings were used. Ine -as Dearing useo
resembles a conventional sleeve-type journal bearing witn a thin
film of air or dry nitrogen separating th.e fixed- ant- rotatin p-arts.

Fluid volume is maintained by su. p Ivine air thog u ream re-
strictors or orifices spaced and sized to orovide controlled flow
to the bearing gap. It was found that by usin- air "stick-si-p" is
avoided, viscous drag is negligible, and the bearnc su s -ept

clean. Turntables used for testing having gas bearings give about
25(; more accuracy than convw-ntional test tables.

61-035 Parsons, G.C. and J.A. O'Shea.
AIR BFARINOS ENHTANCE GYRO TESTING. Missiles and R1ocks
vol. 9, no. 16, pp. 26-7. (October 16, 1961).

Air film bearings are being used in servo test turntables which
test gyro drift rates. Air bearina suspension techniques make it
possible to extend test table range capvabilitv. he air bearing
as designed ;Dv Dunn Enaineerine Corp. is sZimilar to a conventional
journal bearing. The gas is supplied throuph upstream restrict-ion

or oriices. The gas may e either air or dry t

61-036 Pears, C.D.
TH E TRUE SWRESS-STRAIN PROPERTIES OF BRITTLE MATERIALS D

--o- 5000F. Southern Research Inst. Eighth Monthly Report,
Report ORO-326, January 13, 1961.

The equipment for the evaluation of the stress-strain properties
of brittle materials is ready for the initial tensile tests at up
to 5000. The tubular furnace was modired s!iahtlv to Permit the
grips to pass throuZh the heater and thus provide a simpler proce-
dure for installIing specimens prior to a puli. Fabricationz of th

spherical gas beari7- was co-mpleteJ. Attachments are reing ae-
signed to mount botti gaS bearings i the loadnn linkage. Room
temperature runs were ma-de to establish the li-nearity of the mechani-
Cal loading svstznm and to deveoD oDeratinc techniques. Both steel
and graphite specimens were r-an. The non-uniaxial load when not
using gas bearings was e-stablished as about 20 en after very
careful prealignment- The cr .S -ere redesigned slichtly to p-ro.-
vide more griping area- on- h c A -elim-inarv moe or

the strain analyzer was assemle and initial evaluati-ons mae.e
to establish the optical pe e of the proposed sys tem.

-a- -7

Dii-.t±. -Par

THE03 =M,10 PRsTES0

5000OF. Southern Research Inst. N M-

Report ORO-387 Febr-uary 17 1961

Tie first runs with the gas bearings operahie wre made on the equi-
ment at up to 4500%. The -ata indicated that the gas bearines have
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a significant influence in reducing any bending of t zt pzcinen.
Graphite appeared to be significantly stronger and more ductile
than previously reported. Even strain cracks were observed in
some specimens. The tubular furnace was enlarged slightly and
performance proved up to 45000F. No difficulty was anticipated
to 5200°F since the previous design was satisfactory to this
temperature. The gas bearings were mounted in the load frame.
The coefficient of friction acting through the bearings on the
specimens was less than 5 x 10- 7 . The resulting bending stress
distortion in the specimen was less than 0.2 psi. Some small
modifications were made in the precision grips. Almost all major
work on the load frame was completed.

61-038 Pears, C.D.TdE fPUE STRESS-STRAIN ROPERTIES OF BRIITLE MAT LALS TO

50000F. Southern Research Inst, Eleventh Monthly Report,
Report QRO-389, April 10, 1961.

The preliminary design of the induction heated furnace was operated
to 5-0OF. Performance was satisfactory. The gas bearings were re-
installed and preliminary runs made on a dummy and one graphite
specimen. Another variation in grip design was developed to nermit
the evaluation of the dumb-bell type specimen using conical grips.
Preliminary check out of the strain analyzer indicated that focust
will be no problem over an interval of at least 1/8 in. The sensi-
tivity of the analyzer appeared to be aiequate using a hot filament
to simulate the flag signal.

61-039 Peters, Alec and E.B. Sciulli.
A BIBLIOGRAPHY (WITH ABS- ACTS) ON GAS-LUBRICATED- BEA RINGS -
REVISED. Franklin Institute Laborarories for Research and
Development. Interim Report I-A2049-16, October 15, 1961.
AD 264,965.

Navv-DOD-AEC-NA-larit4dmin-supported compilation of 464 references
on air-lubricated bearings. Included are a subject index, yearly
index, corporate name index, and a patents list.

6i-040 Pinkus, Oscar and Beno Sternlicht.
THEORY OF HYDRODYNAMIC LUBRICTTION. McGraw Hill Bcok Co.,
New York. 1961.

This book is a synthesis of the principles and results obtain-ed so
tar in the field of the theory of hydrodynamic lubrication. ihe
authors' care to cover as completely as possible all aspects of -he

problem is to be noticed from the beginning. Thus, followig some
general considerations (lubrication equations, so-me elementary pro-
blems such as the flow between two plates, cv1 inders or through(
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holes), an examination is presented of the thrust a ornal bar-
rngs of infinite ana finite width, air bearings, hydrostatic bear-
ings, bearings under variable forces and velocities, hvdrodynanic

nstability, and the.ina effects on -ubr .cat Further, sme mm-
blems are presented which represent modern extensions or the lubri-
cation th- =eory, such as: lubrication of elastic bearings, '--.ro-
dvnam:-ic theory of rolling sutfacts, effect of inertia orres and

turbulent motions, rheology of lubrication, extension oF classical
theory to the case of thick layer lubrication. The book closes with
a chauter containing a selection of experimental rese-1u L:ts which point
out various particularities of the lubrication p-enoenon and the
agreement existing between theory and experiment. The authors have
succeeded in including in Such a concise volume most of the numerous
aspects of the modern theory of lubrrcarion. Of course, the conise
synthesis has been made at the exipense of certain r (e.g.,in

the chapters concerning hyd-rostatic bearings, turbulence etc.);
however, the treatment is compiex anrd carried out- t fiaI results.
Of particular value are the chapters pertaining to . s under
dvfnmic loads and fhydrodynam-ic instabilit. me t
numerous -tables and diagram obtained through nuericalraicu]ations,

of which a good deal are the antho.r" original coti n, augment-
the interest and the usefulness of this book. At t- A each
chapter a selected zist or ources, Most of them re-ent , is Dresented.

1 -04I PowelI, J..
PROP EL METER WVi A G-$ BEALRING. Engineering, vol. 192,

no. h985, pp. 566-567. (November 3, 1961).

A propeller meter with low bearing friction and a mtens or preventingthe solid part~icle-s from -r-ry
t -Mistri between bearing surfaces was ob-

tained by mounting the propeller on a pressure fed gas iournal bear-

-n A - Fr .in _ ~ ~ ~ ~ ~ ~ ~~ 1 ad=athutb-is., - Ase!Journal beari..g was useid witho

sufficient strength to witnstand the dynn'ic loads imposes by ihe
peierle and magnet rotatina at speeds of u. to 20,000 rr_ The thrust

bearings operated well on the exhaust air from the journal bearing.

61- 42 Quick, D.E and 3.0. Weir.
A CMMI MMPIINSIVE STATUS- REsRT AND DISCUSSION OF BEARING KOCRUM.
Naval Avionics Facility. Report T,-lO, January 30, 1961 _ -2S T.'

Air supported lubrication test spind-les and re larch tnp es are
discussed along with many other topics.

61-043 Rawli ns, J A.
.S LUBRICA%TED BARING. --. I. Patent 3,006,6W. (to bperry Rand-CIL Octo % i, r Rand
Crp.) Applied December 19 960. Issued Oct--ob 31, 1961

j This invention describes a bearin2 ror an ultrC hick gh l indle
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in which friction Ls reduced to a minimum. It permits spindle speeds
in excess of 500,000 rpm for extended periods of time. In this air
bearing shafts may be rotated at ultra high-speed without binding or
seizing. The bearing is efficient ir operation, of simple construc-
tion, is long-lived, and is inexpensive to manufacture and maintain.
The bearing housing comprises a base section which is mounted in fixed
position, and a complementary cap section Wn1-ic- is mounted on the base
section for vertical and transverse floating movement, but not longi-
tudinal movement, with respect thereto. The two sections are Drovieo
with opposed similar semicircular bearing surfaces in which the cylin-

drical bearing surface of the spindle iS held.

!-044 Sipenkov, I.E.
ION iTE AUiD-ROTATION OF AIR 3ERBINGS:. OB AVTOROTAISII
VOZDUSHNH PO DVF0V. (in Russian). Trudy Leniner. Folitkh

In-ta., no. 217, pD. 140-155. (1 96.

As is shown in the practical use of air bearings, there is observed
the self-arbitrary rotation of the journal of the floating element
of the bearing about its axis. in the article it is supposed that
the reason that this phenomenon (celled auto-rotation) arises is the
displacement of the journal with respect to the bearing under the
action of the loads applied to it. A.ithor introduces the concert of
auto-rotation as the total moment of the frictional forces with
respect to the axis of rotation of the journal, due to air lubrica-
tion. Differential equations are set up for the motion of a journal
in a spherical bearing, with angle of opening 90o, and the cases of

compressible and incompressible gas lubricationt are investigated.
From the formulas obtained : is possible to conclude that the
effect of the comDressibilitv of the gas on the value of the coeffi-
cient of auto-rotation of a sphere for small angles of opening of
the housing of the capsule is negligible, which considerably sim.vpli-
fies the calculation.

61-045 Sixsmith, Herbert, W.A. Wilson and B.W. Biringham.
LOAD CA RYING CAPACITY OF GAS-LUBRICAmi BEARINGS WiTh INHERENT
ORIFICE COMPENSATION 'UN1iNG NI:U.G-N A4!D -E-.1; * -- - A-N'lai. .uJ- r.
Stand. Tech. Note l15, August 1961.

An a expe-rierta investigation was made of t static load bearing

characteristic of circular pressurizen t% rqt- hearings for bearine
diameters between 0.375 and 375 inches and recess di ee"- he-
tween 25 and 250 lb-/sq. in. I -re used with film- thickness from
zero to 0.006 inches. Th-e rtSults are presented an the forMI of
load-vs-fiim thickness curves an no ntheoretical results are dis-
cusse3.



61-046 Sternlicht, Beno

G S OR LIQUID-LUBRICATED SEARLNGS? NEW DEZMIN 'ARTS GIVE
QUICK COMPARISONS. Prod. Engng., vol. 32, no. 34, pp. 49-52.
(August 21, 1961).

These charts, based on recent analytical solutions confirmed by
tests, are applicable to any type of fluid and can give quick

comparisons between air and oil bear ings.

61-047 Tii-s, Cecil, Maurice Graneek and C.A. Scoles.
IMPR-OV MENTS IN JIND RE-LATIN ID BEARINGS. British Patent
877 555. Applied September 25, S956. Issued September
13, 1961.

This invention relates to a precision fluid bearing to support a
vertical spindle for low speed rotation in measuring instruments,
precision machine tools or the like provided at least two axially
spaced locations with at least three circumferetially spaced
gaseous fluid supply jets and with means for accurately indepen-
dently varying the fluid supply pressure ro some of the Jets to
enable the axis of rotation Of the spidle to be Maintained con-
start or the location of the axis to be positively adjusted with-
in a small compass, the distribution of the jets and pressures of
the fluid supplied being arranged to avoid tilting of the axis of
the spindle in relation to the axis of the bearing when the supply
pressure to the jets is varied, longitudinal location Of the
spindle being provided for by the aid of a further fluid bearing.

61-048 Toba, Kaoru
FINITE SECOR ThRUST G-S LBRI-CATEE STEP BRAPING. ASLE
Trans., vol. 4, no. 2, pp. 293-303. (November 1961).

The principal object of thi- paper is to demonstrate theffeco

compressibilitv of lubricant gas on t - e perrortance of a particular
type of sector step bearim w.hen the lubricant undergoes an isother-
mal process. It is noticed that for sall film thickness, deviation
rrc re continuous et-- su-h - =ay si--..e.

irrespective of the absolute magnitude of 'the flow density. TWhen
the Knudson number, which is a measure of this phenomenon, is small
the flow may still be treated macroscopicalV. By assuming a liquid
havina the same viscosity coetficient, the performance of the bear-
ing for an incompressible lubric-ant is also evaluated and c mparec
with that for a compiressible lupriant _ =r a range of the i=ortant
physical parazeters.
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61-049 Unterberger ,R.

141" RIGIDiI OF AIR BEARIN J. DIE STIFIG EIT DZR LU-TlAG .

(in German). Feinwerk Tech., vol. 65, no. 1, pp. 17-24.
(January 1961).

In precision bearings, a change of load should not cause a substan-
tial change of the bearinz clearance and thus displ acement of the
axis. The bearings must have a certain rigidity. A study was made
to determine how the rigidity of air bearings is created. This has
show n that a pilot jet is the best measure for increasing the ri-
gidity. A rough calculation is given which allows the advance
dete-mination of the rigidity and is Ln satisfactory agreement with
the results, ties in the construction 'f machines. Thus, some data
on the basic design, the calculation and application of air bearings
are given. It is, however, by no means suggested that all roller
and journal bearings should be replaced by air bearings, but onl in
those cases where existing difficulties can be eliminated by the ue
of air bearings.

61-050 Walker, Lucius and Fletcher Osterle.
A CEN'hI=AL fnT SELF-ACTlNG rARRUST BERnLNG. ASE AhAIS.,
vol. 4, no. 2, pp. 287-292. (November 1961).

The authors suggest using the centrifuaal forces developed in the(
lubricant film between the runner (journal) and the bearine due to
the journal rotation in a thrust bearing for developing the load-
carrying capacity of the bearing. They present an analysis of this
problem considering both incompressible and compressible lubricants.
The profile of the runner required for optimu film thickness varia-
tion was determined. The expressions for load-carrying capacities
for bearings utilizing comressibie or incopressible lubricants
were derived. The results are also presented in Er. mh-c form using
di=nsionless parameters. Investigations show that, bV 3usig tis
principle, a considerable capacity of a th1st bearing may e
achieved in cases when the rotational speed of the shaft is high.
However, when high thrust is required for given dimensions this5-
type of bearina is not n_=-pettive with conventional selif-acti
thrust bearings, or with hydrostatic bearings.

6-051 unsch, H.L.
LL'BRi-aRON WiMq AIR. New Scientist, vol. 12, no. 267,

. 792-7094. (December 28 1961).

The DrincilIes of air lubricaion includin the advan-ges nd i -

advnatageS in their Us 've SIih e - riefly -discussed, Two types of air
bearings are descrioed. -h- operatr on of a LAcing bearing
de eo-d on nressre generated- b-v relative motion of cons ter aM

magnitude between the two surfaces forMing the bearing wheth e- it

= = ,.=-n 'o f xing_ ,,,,: ...



=',-l i-k-- L 0 - - Joura.3b ri- or- e to p rs o

a thrust bearincr. Tlie second ;I vper-E air DearinEq Is rsuiv Know
as rU CteflI lDrSdlzed bearn. -nexplnato ofi

!Dearling is accompazi-e iuWg 4lOiaglm Zile reasonTs L-ot flsing a
o-earing p any ptculre gtven AZ- listof teseC uses,

or nr - u~~, air b-tarinds;A id :-h f~iu-'re Of -b iIr ie t io n

eng:Rteern-g oractlice a-re 010550

Ol-U~L Wnsch Pf~b

F-C -;a -M -'.- w -i~y M. QAcm

Dec 110 -DO . ------- ,

MachItan wd Metotno flnjjl of2 the N ait ion:a I Engineering

to delterrne tr-h zelationshins hetWe-Pn Ly-c var t !onc

deticrn factors in a fiamt a i Dear'ng and tDertcianc Amer
zz~~ cudtois. PTe results r'htne

Lcr.- an Zdned load 3...nztzi-i -t
-~n -r - 0 -0-- ~ittv

on m U me - -.. e deve-Ion. rp 1 l ae t---A e

tac"-'Ors- of the i'cle T fy--- e ~ - .'7 am-
ing v: wich has particul ar rernc toth s Zo ai-r bearin p

inmachine to&0,1 slideways, iS s.till inporss u d1r
tion of, the tCi.L -tl-o~~r~anr ti;-i- '-r

adiscusseod. Tne lanat Secriorl or the paper d wit wit the flarill-
ways ifl whn air bearings naver benan e on-sr atu

neniy; and-" macnline r,6ools. Tn 11 earinel,. cescrioed inludejora
andU thus earinas as well as slde beariinsaan-thu m.1 ost Of ofr
the applications mc~T~ionedT are-p of, sl*ow novinr a-r -rot -f earpg

a hich-snpeed air bear-in- i's also in1de A pratia -exm±

is ~ ~ ~ ~ ~ ~~~~A 1ive toiccreteneto wihte results ohbtne

trom t I.e oacca ; ± ; i~ ccc --- e to th de,ofamchn oo ldwa.Yenin+ mae ie or L Lntnce rute

- - her basic cesa 6  -~ -~ uein
varioIsa-ictin- of' bohfat-an joura t-voe air lubricatedir

fle-0ar az 9ura irr ll z_

'U2'USIKHMOVE-cV (ini Rumssian). hdvLnnr
EIZKfl. Lnt. 31.47,-12-3. (1961).

conCn-ns, con circular precsure-feed lines i7n cvlindr-ic air
ernswt-nihr-lregm of flow Fo sihlci .te

cas is-onideed E nescraeaAee line situated in h
-cntrn;l - - t z nn- nF -Lr htn'm-z. .C -

enp 'n rner and or -y j
d-ers are-P n-a-ceo c-oana±± 'IV ondr on o on a presqsure-



(
feed line is reouced to the fact that the derivative of the square
f t .i -resre with respect to the axial coordinate
of the bearing is given by a function of a dimensionless quantity
proportional to the dimensionless thickness -- the air layer. The

graph of this function is given. By this relationship the author
proposes to replace the nonlinear boundary condition along the
pressure-Zeed line 'n the case when the cylinders are placed eccen-
trically, while the values of the function of the thickness of the
layer (variable in this case) must be taken from the graph, or this
graph must be apprcximated by a polynomial. In order to check the
method the probdm of the distribution of pressure in an air-bearing
-cith maximum eccentricity is considered, i.e. when the cylinders are
in contact. Moreover, it is assumed that the thickness of the lubri-
cant layer is proportional to the distance along the circumference
to the line of contact raised to the power of 1/3, which permits the
problcm to be reduced by Fourier's method to the solution of a Bessel
equation. The coefficients of the infinite series which represents
the square of the dimensionless pressure are found when the exact
boundary condition on the pressure-feed line and the appioximate one
described above are satisfied. The agreement of the results is com-
pletely satisfactory. There are some misprints.

-
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62-001 Ada - s, CR
iNw -untr-,.z IN UES IGNi Ut t, LUlF UIG'fAL. I:- UA L) I E? iwARxS.

Mach. Design, vol. 34, no ,, pp. 1iS-21. (March I, 1962).

Hydrostatic gas bearings depend on gas pumped in under pressure to
form a film lubricant that supports the shaft. Conventionally, the

gas is supplied through fixed multiple orifices and allowed to
escape through the clearance between the bear ing and shaft. Ho:xver,
multiple-orifice bearings have certain disadvantages which i-.%±ce
clogging, rubbing, difficult production, and problIem-s in "floating"
thc journal when stationary. To overcome these disadvantages, the
step bearing was developed. in this type of bearing, steps or dams
are machined at both ends of the journal or housing. Also, an
annular iroove in the housing acts as a manifold to su-pl" gas com-
pletfly around the clearance between the housing and journal. The
steps have a twofold purpose; they allow space for air below the
shaft when it is stationary or about to start Up, and they restrict
air flow through the bearing to produce a pressure buildup. Now, a
modified steD bearing--the center steD bearinE--has been developed.
It offers improved radial load capacity and bearing stability. This
article discusses the design parameters of this type of bearing as
compared with other step bearings.

62-002 Alishaev, M.G.
CONSIDERING THE EFFECT OF HEAT FXCHtANGE IN THE THEORY OF GAS

LBRiCATION]. u_ UHETE VLIYANIYA TELOOBMMNA V TEORII GAZOVOI
SMAZKI. (in Russian). Izv. Akad. Nauk SSSR, Otd. Tekh. Nauk,
Mekb. I Mashinostr., no. 4. pp. 27-31. (July/August, 1962).

A mathematical analysis is made of the heat balance effects for
infinitely long cylindrical bearings. Low magnitudeL of approximate
eccentricity are considered.

62-003 Allais, D.C.
THE DESIGN OF EXTERN ALLY PRESSURIZED GAS THRUST BEARLNGS FOR
MAXIMUM STIFFNESS AND SABiLIITY. ASLE Trans., vol. 5, no. I,
pp. 254-260. (April 1962).

In the first part of the oaper the author reviews some of the most
common forms of externally-pressurized, gas thrust btnarings, namely
the inherently compensated, circular recess, and slot recess bear-
ings. He also presetnts and discusses mathematical expressions for
determining the rate of flow, pressure ratio, pressure drop from
inlet to ambient outlet, load capacity, and mean effective pressure
applicable for these bearings. The author then devlops exressions

for "specific stiffness", whicn -s a ratio between the bearing stiff-
ness and the bearing load. Considering the phenou-enon of pneumatic
instabilitn, the author interprets the analysis of this problem made

instaility " u~o -4 ma-
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bY Licht and Elrod and concludeP that a , , - ca

signed if sufficient land area is provided. The stiffness equa-
tions derived by the author were confirmed experimentally by use of
a special!' arranged test stand. Under conditions of the author's
experiments, the inherently compensated bearings are the most stable,
rarely exhibiting self-excited oscillations.

62-004 Anonymous.
MISSILE TESTED ON AIR BEARING. Control Engng., vol. 9, no. 5,
P. 26. (May 1962).

An AeroJet General Corp. attitude control system for the Aerobee
sounding rocket is tested by supporting the entire missile on an air
bearing which rests on a large tripod. Moving air provides friction-
less support of the mizsile at its center of gravity, with 360 degrees
of freedom in roll and yaw, 30 degrees in pitch. The front and rear
halves of the missile are joined by a 4-in. diameter, 16-in. long
metal tube which diametrically penetrates an 8-in. sphere, supported
by moving air. The air-bearing test stand, which permits tests ot
the missile's flight stability and damping characteristics without
friction disturbances, costs one-tenth to one-fifth the price of a
three-axis gyro system.

62-005 Anonymous.
nAS LUBRICATED BEARINGS FOR HELIUM TURBINE. J. Refrig., vol. 5,
no. 3, p. 57. (May/June 1962).

Cryogenic Engineering Laboratory has developed a miniature helium
expansion turbine for operation in a helium liquefier or refrigera-
tor. Externally pressurized gas lubricated journal and thrust bear-
ings are used. The bearings are provided with pneumatic phase-shift
networks to ensure stability at extreme rotational speeds according
to a design by Sixsmith, Wilson, and Birmingham.

62-006 Anonymous.
THE BARDN BEARING THAT RUNS ON GAS. Groove, vol. 12, no. 5,
pp. 1,4-5. (May 1962).

The manufacture of air beari-. -s at Barden is briefly described. The
Research Precision Mechanisms Division has built air-bearing-supported
gyro wheels which maintain position within fractions of a millionth of
an inch. Advantages and disadvantages of air bearings compared to con-
ventional bearings are outlined and tuture channels of development are
noted.
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62-00 7 An on y~us.

SLMPLE AIR BEARiNGS ELMINATE V . -RBLE-S. M ard: Factory,
vol. 71, no. 1, pp. 5b-60. Juiv U9 .).

The patentel, precision, Iricion-tree ?ir b earin is so doesigned

that a thin cushion of air supports the unper portion or the bear-
ing. The pattern of necessary and e0ua1 Support is controlled by
the placement of trib-utary channels which are imbedded the
interior surface of the bearing, an p;cn De= t nrecise control
over air11 distrZu . The bearin-s are designed as follows: In
the flat bearings used for the first model, the working area is 64

sq. in. by 4 in. thick. Alumi-um was t-e m=etal ue d even slots,
or air ducts, run lengthwise, and three crosswise, £rooved to a
depth of 0.005" to 0.008", t7 125?! wide. These tributVaries are

fed air through intake channels to which air regulators are attached.
The regulators are cont !lied by pressure gages, wntcn monitor the
flow of inducted air from the manifold. Inert Ras may also be used.
Because they never wear, complete accuracy of the smallest tolerances
may De maintained constantly T- en thousand parts run on a m-achine
so eu d , there would not be a Variation or a nousandth of an
inch from first to last part.

6 2-008 Anonymous.
AINIATUR.E BE'i1A (PASION TURBINE. Nat. r, r S Tech..
News Bull., vol. 46, nO. 1, PP. 2-3. (January 1962)

The Cryogenic Engineering Laboratory of the Bureau's Boulder
Laboratories has developed a miniature helium expansion turbine
for operation in a helium liquefier cr refrigerator. Rubbing
friction and bearing wear have been eliminated in this device by
replacing conventional rolling-element bearings with gas-lubiricated
journal and thrust bearings of the ext ernall-y pressurized L .. e
life of these bearings should be indefinite, and the speed of the

sh;.ft SUDDorted by the bearincs i 0limitedoniv the strer- -

the material. The bearings are provided with pneumatic pase -sft
networks desioned to ensure stability at extree rotational Speeds.
During actual tests the shaft has been observed to be in a position
of stable equilibrium at an operating speed of 3000 rp. The inlet
pressure is 15 am. and the outlet pressure is I atm. The, tur-ine
is of the mixed flow type-radial inlet and axial outlet. The rotor
Dassages are of the imp-DuIse t y-e vin sm-ala vern of re

action. The expansion ratio in the nozzle ring is about 10 and in
the rotor about 1.6. A recompression ratio or about 1.07 is achieved
Ly the diffuser, thus accoun'tin- tor an over-all expansion ratio of

15. The power generated by the turbine is absorbed by means of a
centrifugal blower which acts as a brake. The blower operates in a
closed circuit in series with a cooler and a throttle valve. A
diagram shows the ma;. components of the turbine expander. Experi-

mental tests showed that the eas-lub--icated a-nrns are stable with
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the turbine oDeratina at room temperature when producgn up to 7 kw
of refrigeration. As the design loa6 is apprDoximately 3 kw, the
bearings should possess wore than adequate ,tabilitv under normal
operating conditions.

62-009 Arwas, E.B. and b.B. Malanoski.
FINAL REPORT - APPLICATION OF GAS BEARINGS V) TURBINE-COMPRESSOR
ROTOR. Mechanical Technology, Inc. Report NTI-62T17, August
10, 1962. Army contract DA-44-009-ENG-5023.

This investigation established that gas bearing support of a turbine-

compressor rotor is feasible. Vibration analysis of a turbine-com-
pressor rotor showed that the journal bearings shoudI have a stiffness
of about 509,000 lbs./in. Hydrostatic mode of operation was selected
to achieve this stifrness, still maintaining relative-ly large film
thickness, Journal bearings were designed and optimized for maximum
stiffness with low gas flow. Performance charts for X, x 34" and
4" x 4" hydrostatic bearings are included. Performance charts are
also given for a hydrostatic thrust bearing with a 10" O.D. x 41 I.D.
thrust plate. This has adequate capacity for a 2000 lb. load. Bear-
ing performance curves are given for the following two conditions:
bearing supply pressure equal to compressor discharge pressure; and
bearin- supply pressure regulated to ps = p + 9.5 sia. The ulti-
mate I ad capacity of the journal bearings computed from !!loCkuD"
consideration is, under the worst supply and ambient pressure opera-

ting conditions: 465 lbs. for the 31" x 31" bearing and 610 lbs. for
the 4" x 4" bearing. Ultimate load capacity for the 10" x 4" thrust

plates is 2800 lbs. It was found that rotation will increase the
load capacity of the journal bearings by about 10% and that the
threshold speed of Fractional Frequency Whirl should be well above
the running speed of 20,000 rpm, at the supply Dressure levels of
this application (122 psia minimum).

62-010 Arwas, E.B. and Beno Sternlicht.
VISCOUS SHEAR COMPRESSOR. Mechanical Technology, Inc. Reot

MTI-62TR21, 3eptember 1962. Navy contract Nonr-3730(00).

Since externally pressurized gas bearings generally require low flow
and high pressure, a viscous compressor is well suited for such an
application.. rhe analysis presented in this report considers a
grooved plate viscous shear compressor under polytropic flow condi-
tions. Several special cases are treated, e.g., incompressible flow
and compressible flow with adiabatic and isothermal compression.
Dimensionless curves for the calculation of pressure rise as a func-

tion of flow are given for: isotherma! compression; adiabatic com-
pression, monatomic gas; and adiabatic compression, diatomic gas.

Sample results are given in graphical form for a specific size
compressor operating at 24,u0C RM with four different film thck-
nesses, ambient pressure and temperaturi under isothermal and
adiabatic conditions with air and helium gases.
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AIR. BEaARINGS U. S tent 0 (to Chrysler Cr.

Applied Fe ruary 1 190. Issued JQ- I

The air bearing of t his invertioa ty o t u... an-
source of compressed air or any compressed ot-er than that a
which is naturally in the space between the rotor no 'ousin. Eithet

of the relatively movable members, that is, rot or tVe hoin,
may be provided wit offset peripneral portions to Drov-e wezg--

shaped, air compression spaces between the meIner -ese sacas
cause the rotor to be sUspended on an air cushion 'itlln irs hcasijtg
when a certain speed of rotation of the r otr 1- tine d It also
includes the feature of offset peripaeral portons on eithir the end
of the rotor or the inner ends of the hous -ing.P- b-ore to fLrm the neces-
sary wedge-shaped compression spaces to provide thrust ai-" bearings
ror preventing engagement of +the end portions of the rotor With the
housing when predetermined speeds of rotatio e rotor or housing
are attained. The compression pockets will bec-nm-e filled with whatever
fluid surrounds the system utilizing these bearings, (for example water
or oil,) and the rotor will be supported on a cushion of that particu-

lar fluid in the same manner as hougn. the fluid were a gas. A sian;-
ficant advantage over the prior art types of air bearings is that the
present bearing requires no outside source of cccmpressed air, uur,
instead compresses its own air fo-r floating the rotor wih.n the hous-

ing. Since the rotor actually does float with-in the housing there 'is
no frictional engagement of the rotor therewith and the heat developed
by the bearing is practically non-existent.

62-012 Barker, Allan
GAS LUBRICATED JOILTNAL -BEARING U. S. Patent
a,034 ,837. (to United Kingdom Atomic Energy Auth-ority, London).
Applied May 17, 1960. Issued May 15, 1962.

The use of journal and bearing assemblies inl wi-hieh gas lubrication is
employed involves maintaining very small clearances and it is the
practice to support the bearing in bellows or flexible diaphragms so
that the bearing can follow slight deflections of the 4ournal without

rubbing. Bellows are used where the bearing carries no substantial
weight, and diaphragms ;hen there is substantial -WLiiL+g,. Bowever,
problems can arise, e.g., seizure of a bearing supported b- bellows,
or diaphragm acting as a seal can create a dangerous breach in the
sealing arrangements. Further, diaphragms are not suitable for sup-
porting a line of more than two conventional gas lubricated bearings
carrying a single shaft as their transverse Stiffness demands +that a
very high degree of accuracy exist in alignment. This invention is
for a journal and bearing assembly comprising a rotat--le shaftinner

and outer bearing sleeves with gas lubrication maintained between them,
and an annular resilient sealing member engaged etween the inrer sleeve
and either the shaft or the outer sleeve, so that slip-age can rake
place on the resilient sealing member in the event of failure of the
gas lubrication.
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62-013 Barker, Allen.
LMPROVEMENTS IN OR RELATING TO JQtRNAL AND BEARING ASSEMLIES.
British Paltent 905,647. (to United Kingdom Atomic Energy
Authority). Applied May 22, 1959. Issued September 12, 1962.

A gas-lubricated bearing assembly comprises a rotatable shaft having
a sleeve bonded thereto by a rubber-sealing band and a non-rotating
bush secured and sealed to a casing by a ring. A pipe supplies gas
to the bearings via pipes and jets and a pipe also supplies sealing
gas to the bearing. The gas pressure in the bearing is controlled
by apertures in the bush. The sleeve is assembled on the shaft prior
to introducing it into the casing, and it is held by collets. Rubber
is then injected into the passageway to fill the groove in the shaft,
the rubber is cured, and the collcts are removed. There are also a
number of modifications of the above described assembly.

62-014 Beane, G.A. and K.L. Berkey.
THE AIR FORCE-NAVY-INDUSTRY PROP11lSION SYSTEMS LUBRICANTS CON-
FERENCE, Proceedings, San Antonio, Texas, November 15-17, 1960.
Technical documentary report ASD-TDR-62-465, May 1962.
AF contract AF 33(616)-7223. AD-278 843.

This report is a compilation of papers presented at the Air Force-
Navy-lndustry Propulsion Systems Lubricants Conference held in San
Antonio, Texas on 15, 16, and 17 November 1960. The conference was
attended by approximately 300 representatives of Industry, the De-
partment of Defense, and other Government Agencies. Twenty-two papers
were presented providing a review of lubrication requirements for
future propulsion missions and of current research programs pertinent
to gas turbine engines, rocket engines, and flight vehicle power. One
paper is pertinent to gas-lubricated bearings and gas lubrication at
very high temperatures. (See 62-076, E.F. Macks).

62-015 Bennett, E.G.
OPERATING EXPERIENCE WITH GAS BEARING CIRCULATORS IN AN INREAC7OR
TEST LOOP. Rotatin0 Machiiery for Gas-Cooled Reactor Application,
Proceedings, Oak Ridge National Laboratory, Tennessee, April 2-4,
1962. Report TID-7631. June 1962. pp. 256-69.

Operating experience in the DR-I gas loop used for testing gas-cooled
reactor fuel elements is described. A review of the main loop compo-
nents and the operating characteristics that are pertinent to gas seal
problems is presented. It is noted that the facility presents three
major gas seal problems including loop coolant losses, radioactive ma-
terials containmant, and contamination of the coolant from sources ex-
ternal to the loop. These problems are associated with auxiliary
equipment for the circulators. IThe circulators are dependable and the
gas-lubricated bearings are considered a practical solution for shaft

seal problems in gas loops. Development of self-acting bearings is
recommended.
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h Aty, I.S0 rtiASET FLJ. IN t"pflUST B -i S PART 1 - nDyriAnON
RQTIONS. Meeh'--- - Technology , Inc. Re.no.t IATT62'19,

-June !1 VrnrJJ !;.; 1 -
N,.-. Nav contract Nonr-373i(00) ).

Thegovcrning- equationsare d-erived for an eXternail v pressurized
vapor thrust bearing . -:- condensation O th -u r ours
on one of tile suraces due to an imposed temperature difference The
analysis involves two different problems, depending on whether the
cooled surface is either the bearing or rhe runner, For the Case of
the cooled runner, the prooiem involves c o n s ideration on the rotating
surrace; the vapor enterih Lhrough the nozzle beins condensing on
the rotating surface; subsequ-ently, the condensate is cn-.nuouclv
pUmped out radialiy due to the she r stre-s o- tb-c v-por resuIltine
from the radial pressure gradient and the centrifugal torce. The
second problem is the case in whiclh the bearing is cooled. Here the
gas phase is adj-acent o the rotati surface.
difference between this case and the cooled runner case is that the
inertial terms of the liquid phase are #gn--Fi -antlv smaller since
t-he liQuid film is not condensin-E on the rotating surface. The equa-
tions of motion for the liquid pnase in the case o condensation on_iU c- moio fof toheseio o

the rotating surf aze cannot exclude the effect of t - 
n---a

1 tertS
For the licuid phase equations, it is shown that for a hru't Dearina

the force due to the radial pressurerao-dient must be considered and
not neglected compared to the centrifual fMce. -h analysis presented
in this report reduces the governing equations to a set ot tour S--ulta-
neous first order nonlinear diff-erential equations wica can be solved
by numerical integrstion. The analysis has Jefinite applicatinns in
heat transfer, e.g., space condensers. Also, the analysis includes
simultaneous effects of mass, energy, and momentum cnli!g for a two
DhlaSC Fl,u in a thrust bearin.

62-01 7  Block, J.R.W. andJ.D. BraIhwaite
HYDRODYAIC GAS LUFRICATED BARIN"S. raper nresented at tAhe
Sy-mposium on Non-conventional Lubricants and earirg Materials

Such as Used in Nuclear En-aneering, of The Institut-ion of
Mechanical Engineers, Manchestar, April 12, 1962. (Summarized
in bci. Lub., vol. 1-, no. 6, p. 27. (June 1962).)

Thne performance or hy -rot~naic jounal bearings as affected by
variations in operating conditions and design factors is discussed.
Te resistance to wear of various materials as journals ano bushes
is also discussed. A thrust bearing test machine for testing these
bearings under conditions or elevated ambient pressures is described.

62-018 Bourquard, FernanA
LMPROVEMENT-S IN FLUID FILM DYTN!C BEARING-SYSTES. Bri ish

Patent 903,055. (to Commissariat a l'Energie Atomique).
Issued August 9, 1962.

A gaseous film dynamic bearing system is designed with means for reduc-
ing the leaks at the end Portions. The means comorise annular rece.ses
on the inner wall of the bearing element with-in the leak sector, the
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recesses forming two or more partitioned grooves at each end. The
pressure in the region of these grooves is higher than that for un-
interrupted circular grooves of the conventional type, making it
unnecessary to increase the length of the bearing element for a
given load of the rotating shaft.

62-0-19 Bowden, B.V.
IMPROV IENTS TN OR RELATING TO GYROSmPE-. British Patenit
911 4 90 . Applied March 18, 1958. Issued Noveer 2m, 1962.

In a gyroscope which includes a rotor mounted within a gimbal system
providing freedom for rotation about each of two mutually perpendicu-
lar axes, the rotor comprises two concentrated masses, mounted at oppo-
site ends of a diameter perDendicular to the axle of the rotor and the
rotor axle is journalled in one of the gimbal rings by bearings which
permit a ]-7ited amount of displacement of the axle relative to the
gimbal ring in directions perpendicular to the rotor axis. The bear-
ings for the rotor axle may comprise a ball-race supported within a
housing by springs. These springs may be tuned to provide resonance
at frequency 2fl . wherefl is the angular velocity of the rotor axle.
Alternatively, gas bearings may be used. The rotor may comprise sheet-
metal shells defining a hollow chamber containing two diametrically-
opposed weights, the shells being securei to a hollow sleeve which
rotates about an axle piin. Compresse6 air flows from the pin through
ports and past flow-directing blades on to blades which cause rotation
of the rotor. The air then forms the bearings at each end of the sleeve.

62-020 Brehm, P.D.
MPB AIR BEARINGS USED FOR SATELLITE TEST PROGRAM. MPB Engng.
News, vol. 8, no. 3, pp. 1-2. (June 1962).

The hydrostatic bearing designed as the support for a test simulator
Of the Bell System Teletar is composed )f a 2. inch diameter partial
spherical, or ball and socket confIgr-ion The design allows 3600
of rotation combined with tilting up to 400 from the vertical in any
direction. Because both a downward gravity load and a radial dynamic
driving load had to be carried a full I800, socket design was used
with both thrust and radial air pads. 'ry filtered air at approxi-
mately 90 psig is supplied to the bearing clearance spaces through
controlled orifices and pressure :pads.

62-021 Buckley, G.W. and Sigmund Rappaport.
AIR BEARINGS. U, S. Patent 3,026,150. (to Sperry Rand Corp.)
Applied August 15, 1960. Issued March 20, 1962.

Th is invention describes the use of a standard air bearing sleeve

baving end plates. In the sleeve and end plates holes are drilled
within which removable plugs are placed. T ihe plugs have a main
vertical air passage wn-_h ends in crcssed air passages which are
at rig,h, t angles to each other and perpendicular to the main atr

passage. The end of the plug whi_-h contains the crossed air
passages is slightly smaller than the rest of the pisg thereby

aowig the air coming out of the crczsed passages to pass around

-50-



th e D-, - Ai whi -- 4--

or .ZV rite k a j a -c i Li ra-? 4M. 2L - ' L' f ~
thetrnT:rr-- 7assane th

coere -- ' - nr su mlEdivt- S ecc c- a t+il A
opterceie th a"X' m S da a ho. ren ~ant rvloiyaw

air pasSag e Of tne

6 2-02_2 9 C1-ameron, A. an. Ruoberto.EJff- r n
ON THE D" VALT;O OF RYN SV

-- o e - /-,

comp iere Reynoi In three d"-en~ns -I S-d~_l~~ -V

three mereads wfil dIte Dasically n - n wn, W:.L the Cin-
tE.ilhitV COfal~iOf is apn-ln-e d Jfl d eivisions -n

M e chRan I;s ms of hvi~rdrodvnra mic C _- -.~E -~ . nv tfnl Le
d erivtos suc- a ~edge., Iqlee -s jetc. arecx;%ae r an as

G4 t cr.r -,rl 4a 4W;LG=~IaVSlon IP S - ev r Ci r-y p- r n!-%.

srcei merely depenos on n~ vpo-e to~ w-- z h cc es

case bpoth surfaces are z Ir VoeU4(ctiscarzx
-X -a . P- - -- ta ke n n -- . --

pointed out to avoi nozZIlz fo 11 Ifre error
negl~ecting tac va.lriat-on In trtn no-rlfontal sunl awce vel Ga cpfl
or a Journal neartng 1q COnziec. II iS ,

nertyp:i-ca.l operating -onat o.-

t32t23 Caboseau, J.S
PR CETIt-- DE*%r,!-t-Y-- !Z---- .s.iq S, NrAI jf-- -A ~ ZSii -CI -5 -1n)Lff

R ot4-at-inz Ma chi n. fo v1!r G as -CooDP-0 Re actor ApD.Dic1tOn, Proceed-
ings, Oak Rtidac Nat-ional Laboratory.TenseArl24 -

R e p or-t TIIF -7631 . June "962 pp 3-

Aiv itEi-e s in a basic researca program- ce~n WoltKII.FC principe
otltn Dad gas-bearings are deseri InclTuded is a review o

geomet-r ical D)ad~payrameters __ -Ssia na-~m-, ? -

!~~rn.nt tfe l0,. 0 ;,? vi a i'r r.-r a -f-t5 -tr~s~- pver relab-l thatW
-ernm -et' ssiD 1- 'o.- Du- zaWei T

ka



Rotat.&i H~achi-rL Gasocle RecorA icat-o-1.
Proceedngs, Oa~ I-'dJ Natina Laborator-1y, Tenne8sei.,

Develmnen1.,t 0: :tLe =e-I~in echninue u-teA M'ct!- f-Inr
react-~~~r~ c deciI Icuded are Aiscusio clr-n

bearirnas andmuliuadbaias iheit
ings operatinc withgaes1n as jjt, U. ~C' n~ra

A1IH-EPRAUE M-t ES UNI UTLIN GASS FAIS.
Rotatina! Mamchir--v tor --a -leo! ieactr -Applitin,
Proceedingst Ok Ri dg0-e NvattioflCa- L-boratorv. Ter-nnes see

April 2-4, 162. Report . June 196-.flC

Ac-tijvities in a pronramn ton s- I i~r'~aor ahe s.ol

tive is to acn1-Leve coi~tnuo~ 3,OCt yr0 i a 0 SE n f
~nnnO~ A n 1rft.'~ was tC ~ t~e $

1,000 rpm at gapressure of 6si andiOF -: itn
Dad bDearings withl a veriIca i-v r0.rTM-r- Plcia

6 2-026 Cristian, ZZa,.
A"IR It-RIYq CAP Y HEW LOADS. Ironp Aa vol 1 89, no.
Pp. 135-i.(m fa rcb h ii25

acm eaLle o te 4--tM-ril appli ication of' ar!_, Dearins r
given. One 210 -1eaing wnUK a aeu-aim-
requrc an% ai A-sur~ nio pIto lif a rnoak t

U - - -.sur c, .. 1LS~ A 4 ±a

The p-r"Ijct on wetorna or et Ieme 1v thi a t-erl- 1 3 dws m-e possIDie
bythe use fr-eefip r ~ -- r

-S~~~~ 'a" a1I:rr De-ar-gs Instal lcu -on. a strar -
line wal-derzS carrviake. smoorh-riding z -a rtore ca rri7ag9-e p-er-
mirred we-IC-ing that was onl'tZv 0.00 in. k The ar bearinaMIs
cecreased vioranon action -00-ime for ho0rizontal11 tofznrt .
They also curbed vria ucin tov a [actr ofl 2q3:l vr
roller bearings, gear artvesanwee racks formerlyusd

6 2 Z277 CoMjet, Ray.monud
LFLWINS OF A GtS -1MNENAi PL4NE AND. -A R&rTATING DISK~. A SzTUDY M.

ON' ThE FRITC E)r~ EXERTED ON 'IHE -DISKI.K ECOD I I-MNT FOC
DtvuN-, GAZ ENTIE 114PLAN STU D';u Q'MTYPOVN" YIP
DE DFlRjf.i0 "-- S:U vZDS-E I rnh.J Mecan.,
Vol. 'I no. 3, pp.. 2 3-253 (Septem-er 16)

An attempt is rpade to- an.a-ze th ore aminr O o zy



ZAMA -1 R 4 -K_ -;p , ena.

the authorj an;jv eflnuh i usm

an-A' a r ot4,ating Uisk -.i1ic-l tLie A.iLr n~~

WC~SIS cm-eiu Wir LAO., . e

on.n s an Ine-c

1OSCUS FflWOFAG S 5 E7W E E N T.41; P4ARAlLEL ATS.SR

PILLEIS. i _Frec) mRev NIe can App vol. -

Au- 1fl ouPtf rrr o-z- s. e -saraA e
LiO- unsiaer In- It-ntt r E.-

r.- e i n-- both t-.-1- t.wc;-aine toa r-t-0 l V- C aC5.

An t..c. b a -n S -C e dq- ~U- nuz a4-

Tni n Lr niailv- eissofrtze es a it,-elarne t ios a ;D!-
-pr -rat lv - a - a

anr.xI.Ite " .- .ae!Isre LID sml rt
to Ctiltif -V exrer:

mental dlata from t he itZAerature' for the aw-inn toa Pae'
axell Ien t. Ket~rlCCIS triaei tV agreemen't is m~ace less sign;Li-

aIn --s-lU- -

cant1 byv the snai ezzs o Lfl- cttct tb2l-2 c id '- On re

tfduuans.- is LU-haL L~:-. J ..--ra- Lem eLL-c-. anI Li~zu~

zt 1o- tn -L..u - u

62-029 Contat"Ae -, N.

Z*I - Tshu
1 1

ILI

S BO7MISKOC6_TYU17 r--IURn .-au -4 ni- -_

The naper di5Csc~Cm 11-2 1r.- J±.UJc a. tmriek1,1 tn*jrf-

fores. er1e-.a 4
Iauaa on of rressure an- i--xvuressurp ISX

bution 1 forx flat-surfac euarili are aaye- Ic~uhrtsre

tflat d-ue to th-e velocity reachedith present, techn-o 10ezv teetc
of! inerti-a forces is. extrLIelv lo17

BERIG -MNSMiflR~tA rfl S'tl!A DI -Etiu-MNAlN -- ffllTfl iO

riescription-W oraMetiUto a determnlnation of pressure disrzriuu-
tID P Carln-s _913-C1m intZ d o r g asse s under D re s su1re.

The method -S b-sed ion the developoen th4a solutio in seiertr:

Ihe resulte.s a.re Oulu;e LUS of~ reCtangIJuar suraces and CICiI~l-
at b .. -- ---- - ~tu . aL : --- mi I~ . Lf U

T-rsget8 re - I E-i - z- -n us- - the
strtj~~tioI addiion thea eamns results Are

-?.h - o f ciclr- ~rf
app Id t o th caeu atLP arunrbarns



b 6 -uJ1 Constantinescu, V.N.
[SOME CONSIDERATIONS ON THE CALCULATION OF HYDROSTATIC GAS BEAR-,
INGS SUPPLIED) TROUGH A LARGE NUMBER OF HOLES OR THROUGR POROUS

S'RACES]. UNELE CONSIDERUATII ASUPRA CALCULULU .1AGAELO CU
AER ALIMENTATE SUB PRESIUNE PRINTR-UN-NUAR MARE DE ORIFICII SAU
PRIN SUPRAFETE POROASE. (in Romanian). Studii si Cercetari
Mecan. Ap!., Inst. Mean. -Ap! Acad . Repub. Pop. Romine, vol.
13, no. 1, pp. 173-191. (1962).

The equations of gas lubrication in the presence of a porous surface
are written and the case of the surfaces with a large number of sup-
ply holes is simulated with the permeable surfaces having an equiva-
lent porosity coefficient. Further, the pressure differential equa-

tion is integrated and the operating characteristics of journal
bearings supplied under pressure through a porous surface are deter-
mined.

62-032 Constantinescu, V.N.
LON SOME APPROXIMATE METHODS FOR THE ANALYSIS OF GAS LUBRICATED
JOURNAL BEARINGSI. ASUPRA UNOR METODE APROXIMATIVE DE CALCUL
ALE LAGARELOR CIRCUARE LUBRIFIATE CU GAZE. (in Romanian).
Studii si Cercetaria Mecan. ApI.,_ inst. Mecan. Apl., Acad.
Repub. P.,. Romine, Vol. 13, nb. 4, pp- 935-955. -(1962).

This paper analyzes the sense- and the -magnitude of approximations
introduced by various existing methods of analysis for gas lhbri-
cated journal bearings. On the basis- of these considerations,
corrected analytical expressions are deduced whosr_ calculation
accuracy is emphasized by comparisons with numerical data.

62-033 -Constantinescu, V.N.
LON GAS LUBRICATION IN T-U.BULENT REG M. ASUA LUBRIFi TIEI
CU GAZE IN REGIM TURBULET. (in Romanian). Studii si -Ceretari
Mecan. Apl., Inst. Mecan. ApI. Acad. Repub. Pop. Romine, vol.
13, no. 5, pp. 1157--175. (1962). . .. ........

This paper analyzes the conditions of tzansition from the laminar
flow to the turbulent one in the gas ioUbricant layer, as well as
the possibilities of the occurrence of turbulence in actual gas

bearings. Further, by employing the Prandti-T s --i.xing length theory,
previously -used by the author for iquid film bearings, an analysis
is made of the pressure distribution in both Externally pressurized

and self acting- gas bearings. -For self acting bearings it is found
that the turbulence has usually a negligible influence on ile load

carrying capacity. Its effect on friction fou-ces is of course
significant.
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62-034 Cons tailtinescu, V4N.
[DtTFMINING THE PRESSURE DISTRIBUTION IN HYDROSTATICALLY
LUBRICATED BEARINGS BY USING A HYDRODYNAMIC ANALOGY]:. SmA

LE CALCUL DE LA DISTRIBUTION DES PRESSIONS DANS LES PALIERS
ALIMENTES SOUS PRESSIONS EN UTILISANT UNE ANALOGIE HYORO-

DYNAIQUE. (in French). Rev. Mecan. Appl., vol. 7, no. 3,
pp. 503-521. (1962).

It has been shown that the usual methods for solvin2 the lubrica-
tion problem can be applied only to certain cases of hydrostati-
cally lubricated bearings. In other cases the calculations become
laborious. However, if one starts in these latter cases from the
observation that the pressure equation is homogeneous and that the
thickness of the lubricant layer is constant, and the nressure is
A harmonic function of the film thickness one can arrtve at a
reasonable solution.

62-035 Cooper, Stanley
I/MPROVIENTS TO FLUID BEARINGS. British Patent -893,045=
-(to Rolls-Royce Ltd.). Applied November 10, 1960.
Issued April 4, 1962.

This invention relates to journal bearings of the kind -employing
hydrodynamic fluid lubrication. In particular the invention re-
lates to the type of bearing arrangement in which a:-shaft or journal
is supported on pivoted pads so that during rotation of the shaft a
fluid tilm is set -up between the- pad and the shaft bearing surface.
The shaft is rotated and the rotation. results in a film- of air being
set up between the pads and bearing surface which causes the rotor
to stabilize between the pads, so that there is -a film of air between
each pad and the adjacent part of the shaft surface. The radius of
curvature of the pad exceeds the shaft bearing radius by at least
twice the value of the minimum film thickness along a radial line
joining the rivot of -the -pad and the center of the journal bearing.

62-036 DiPrima, R.C.
A NOTE ON THE STABILITY OF FLOW IN NON-CONCENTRIC AINIJLI.
Mechanical Technology, Inc. Reuort NTI-62fl15, August 14,
1962. Navy contract Nonr-3731(00) (F).

If two non-concentric cylinders are rotating, a circumferential
pressure gradient is created. The effect of this pressure gradient
flow on the stabilisy of the local velocity profiles 1s discussed.
It is concluded that, in the most critical regions, the flow due
to the pressure -gradient has a stabilizing effect.



62-037 Esther Wyss S.A.
OPERATING PROCESS FOR A N1O"VE POWER INSTALLATION COMPRISING
A NUCLEAR REACTOR, AND DEVICE FOR PERFORMING -THIS PROCESS.
French Patent 1,307,545. Issued September 17, 1962.

Nuclear power installations, with a gaseous working medium flowing
in a closed circuit consisting of a compressor, a nuclear reactor
for heating the medium, and a turbine, in which the medium is ex-

-panded while a small amount of the gas is continuously bled off to
-a cleaning circuit, are considered.. A method was developed by which
at least a part of the cleaned gas is injected into at least one of
the bearings of the turbo-machine to form a gas layer lubricating
and supporting the turbo-machine axle, before it is reintroduced
into the main circuit. The cleaning circuit also contains an auxi-
liary compressor for increasing the pressure of the gas injected
into the bearings.

62-038 Eusepi, M.W. and D.D. Fuller.
PROGRESS REPORT ON THE DEVELOPMENT OF GAS-LJBRICATED BEARINGS
FOR -HiGHSPEED ROTATING IMACHINERY. Rotating Machinery for Gas"
Cooled Reactor Applicatic -Proceedings, Oak Ridge Ntional
Labotatory, -Tennessee, April-- 2, 1962. Report TID-7631.
June 1952. pp. 307-34.

Activities and results associated with the first year's program at

the- Franklin- Institute Laboratories on gas-1ubricated bearings are
summarized. The program was directed along two parallel avenues.
One 'investigation was concerned -with the characteristics of a 3-in.
dia. rotor weighing 100 lb. -used to- simulate the shaft of a turbine-
compressor unit. The other effort was -concerned with a rotor shaft

that is to be supported on bearings which are completely self acting,
rather than extetnally pressurized.

62-039 Eusepi, M.W., A. Marmarou and T.D., Fuller.
THE APPLICATION OF GAS LUBRICATED BEARINGS TO HIGH-S3 EtD TURBO-
MACHINERY. Franklin institute Laboratories for Research and

Detelopment. Quarterly Technical Report, Report TID-16105,
December 1, 1961 to February 28, 1962. Contract AR(30-l)-2512.

Several advances were made in both the instrumentation and experi-
mental testing required on the program. The final results are pre-
sented of instrumentation work, calibration, the modified instrument
circuits, and a noise level evaluation. Also reported are results
of experiments performed on the EP-2 rig (externally-pressurized
bearings) including rotational testing up to a speed of 9000 rpm.
Significant results were also obtained on the operational testing of
.the SA-2 rig (self-acting bearings, Lp" d. shaft). he rig was com-

pletely de-bugged and the first rotational tests made. At the close
-of the report period a speed of 20,180 rpm. was reached.
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62-040 Frost., Alan
LMP&OV24ENTS IN AND RZELATING TO GAS BEARINGS. ritish Patent
901L004 . (to Bristol Siddeley Engines Ltd.). Applied April
4, 1961. issued July ii, 1962.

r3is invention relates to a gas bearing which is of cheaper construe-
-- *- r from porosity than previously available and whose sur-

face aC- oE compatible materials and can be repaired. The -gas bear-
ing has both the elements formed from mild steel, one being chromium
plated on its bearing surface, and the othzr having its bearing sur-
face provided by a thin layer of an alloy hav_- the aproximate com-

position 66% cobalt, 26% chromium, 5% tungsten, 1% carbon and 2% im-
purities which has been flame sprayed on to it and fused.

52-041 Garrett Corp., AiResearch Mfg. Div. of Arizona
TECHNICAL PROPOSAL- ADVANCED- CLOSED BRPAYON-CYCLE SPACE POWER
SY-ST-M. Report SY-5394-R, vol. 1, August 24, 1962.

The results of an extensive study of a Brayton cycle space power
system using the SNAP-8 reactor as a heat source are reported. The
system presented is a closed, recuperated, inert gas cycle, compris-
ing a combined rotating power unit supported on gas bearings, a pri-
mary heat exchanger, a recuperator, a radiator, and a start and con-
trol system.

62-042 Geary, P.J.
-FLUID FILM BEARINGS - A SURVEY OF THEIR DESIGN, CONSTRUCTION,
AM USE. British Scientific Instrument Research Association,
Chislehurst, Kent. 1962.

A concise recital of principles of liquid- and gas-lubricated bear-
ings with external pressure generation and gast-,ubricated bearings
with internal pressure generation, but excluding hydrodynamic lubri-
cation using liquid lubricants is given. Chiefly useful as a guide
to the literature, 50 pages of text and diagrams explain the princi-
ples and refer the reader to relevant books and -papers. Those parts
of text and the 53-page bibliography of 306 references dealing with
gas bearings are meant to complement, not duplicate, other surveys.
Discussion is mainly "fpractical" but includes basic expressions for
film thickness and lubricant flow. T-here are brief notes on squeeze
film.

62-40-43 Getler, Michael
NEW GYRO AIMED AT TACTICAL MISSILES. Missiles and Rockets,
vol. 1I, no. 10, pp. 3-4-35. (September 3, 1962).

n A description of the "Hydrogyro" a-new "gifmbal-less" gas-bearings
flit:--
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gyro, with low drift rate and high-g capability, to be used in short-
range tactical missiles is given. The proposed instrument uses hydro-
static pressure to run Up and support the only moving part - a brass
or aluminum rotor. Photos of the instrument and a test diagram are
included.

62-044 Gilbert, Sr., C.E.,and Donald Winget, Jr.
SLIDE BEARfNG CONSTRUGTION. U. S. Patent 3t042,460. (to Cincin-
natS Gilbert Machine Tool Co.).- Applied July 15, 1960. Issued
July 3, 1962.

This invention relates to an improved precision slide bearing construc-
tion wherein a layer of air is -maintained between two relatively moving
members- which constitute the bearing so as to minimize the friction
otherwise- rtestraining movement of the one bearing member relative to
the other. The principal objective of this invention has been to pro-
vide a bearing construction where air under pressure is employed to
maintain a virt !Aly- frictionless layer or film of air between rela-
tively movable me-mbers constituting the bearing, and where oil or
other liquid is introduced into the air interface of the bearing to act
as -a seal preventing excessive escape of air from the bearing margins
and to damp or sUppress fluctuations in -the thickness of the air
interface which might jtherwise occur under varying load conditions.
The supply of air to the bearing interface area is automatically con-
trolled or regulated to maintain an air film of substantially uniform
thickness, regardless of fluctuations in the loading of the bearing
or of fluctuations in t:z unit bearing pressure. A liquid seal is
effective to minimite air escape and thereby minimize the consumption
of compressed- a- required to serve or maintain the bearing under
severe variations in the loaC conditions to which the bearing is sub-
jected.

62-045 Gobert, Gerald
;APPLICATION OF GAS_ IUBRITED BEARIICS Io GfROSCOPES] . APPLICA-
TION DES PALIES A GAZ AL,- --I'OSCOPES. (in French). J. Phys. Rad.,

Phys. App!., vol. 23, no- 3, pp. 4-3A-46A. (March 1962).

A study of the friction in gas lubricated bearings has led to the
construction of a gvroscpe The rotor is 4 cm. in diameter and
runs at 180,000 r.p.M. Its weight is 500 g.

62-046 Gobert, Gerald
[EXP=rLMENTAL CON t1iBUON I-) WIE STUDY OF GAS BEARINSI. CONRI-
BiMtON EXPERIMEiTALE A L'ETDE DES PALIERS A GAS. (in French).
Coumissariat a l'Energie Atomique. Centre d'Etudes Nucleaires,
Saclay. 1962.

Developments for gas-lubricated bearings are discussed. The study of
how the fluid film behaves compared to what one can expect is dis-
cussed. Various devices are described which have allowed us to go up



J to peripheral velocity greater than 400 m/s, leading to rotational
speed of several thousand revolutions per second. This is obtained
by using an automatic setting for the distance between fused and
rotating walls.

62-047 Gray, D.
OPERATING CHARACTERISTICS OF GAS-BEARING COMPRESSORS BUILT BY
BRISTOL SIDDELEY ENGNES, LD. Rotating Machinery for Gas-
Cooled Reactor ADplication, Proceedings, Oak Ridge National
Laboratory, Tennessee, April 2-4, 1962. Report TID-7631.
June 1962. pp. 280-91.

Tests of two similar but slightly different gas-bearing compressors
are described. The single model of one type compressor was operated
under a variety of conditions for about 760 hr. since it 'was installed
in the ORNTL test loop. The test equipment and test results associated
with this compressor are described. Two models of the other type com-
pressor were tested at the manufacturer's plant. Over 100 hr. of
satisfactory service was accumulated with these compressors. Equip-
ment and results associated with these tests are also presented.

62-048 Gross, W.A.
GAS FIM LUBRICATION. John Wiley & Sons, Inc., New York.
1962. 424 DP.

This is an excellent academic book on gas bearings. 'The author pre-
sents the theory of the -problem rather than writing a handbook of
do-it-yourself rules for getting a bearing under -way. The chapter
headings indicate the scope of the book. ' ydrodynamic equations",
gives the basic equations more fully than has appeared almost any-
where else. Chapter 3 on the steady-state hydrodynamic solutions
for long bearings gives virtually all the known thebry. Chapter -4
lists similar calculations for finite length. bearings. The next
chapter deals with externally-pressurized bearings. Finally, bear-
inS subject to instability are studied. Mathematical proofs are
presented.All the foundations on which industrial "know how" can be
built are given.

62-049 Gross, W.A.
GAS LUBRICA=K; BARINiGS. ADpp. Mech. Rev., vol. 15, no. 10,
pp. 765-769. (October 1962).

A Nav-supported investigation of gas-lubricated bearings, covering
(1) the status of knowledge of properties of steadv-aas-lubricating
ilms, and (2) the dyaics of gas-bearing svs tems is discussed.

Types of films, bearings, configurations, and shapes are treated,
and attention is given to the operating conditious and environmental
and material problems involved in the area in which the properties
or gas-ubricating films need to be understood. Available solutions
are then described, and their use with bearing systems discussed.
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62-_050 Gross, W.A.
INVESTIGATION OF WHvIRL IN EXTERNALLY PRESSbRIZED AIR-LUBRICATED
JOURNAL BEARINGS. Trans. ASME (J. Basic Engng.), vol. 84 D,
no, 1, pp. 132-138. (March 1962)

The effects of several parameters upon the whirl properties of air-
lubricated journal bearings were experimentally investigated. The
whirl was composed of two components, one at the frequency of rota-
tion, and the other at about half the rotational frequency. The
behavior of the synChronous whirl component was like the response of
a passive system to the excitation due to rotor unbalance, and the
half-frequencv whirl was a self-excited oscillation. Both Components
were in thepredominantlycylindrical or translatory node because this
corresponded to the lowest critical frequency. These characteristics
were predicted using a lumped parameter, quasi-static analysis. The
threshold of self-excited whirl was important because, al-though the
whirl path was stable, the amplitude increased rapidly with speed.
The threshold for any journal supply pressure- occurred at about twice
the lowest critical frequency of the non-rotating system using the
film stiffness at C= 0. Because of the small clearance ratio, the
effective damning was more than critical. At moderate speeds, four
-sources per joua earing were sufficient; more were necessary at
higher speeds. Factors which raised the threshold speed were increased
pressurizatin, reduced rotor mass, and, in limited cases, unbalance.
Additional work is in progress to examine the effect of clearance
ratio, slenderness, and roundness-of rotor and thnft -

62-051 Gunter, Jr., E.J., J.G. Hinkle and D.D. Fuller;

aXE APPLICATION OF GA:S LUBRICATD BEARINGS TO HIGH SPEED TRBO-
M&CHLN&.Y.. Franklin Institute Laboratories for Research and
Development. Quarterly Technical Report, June 1 - August 31 19062.
Report TID-1731:. Contract AT(f30-)-2512.

Procedures are being d-eve oDed for designing practical gas lubricated
b -arings for use in high-speed turbomachdinery. Efort was apulied to
the design and analysis of two separate bearing svstens; one system
requiring e ternal pressurization, -nd the other of a self-actinE
nature. Because of stability problems rrequently enpottered il 56.
journal bearings, particularly I f gas lubricated, attention was
directed toward the development of pivoted-p-d=, se1if-actzrig nearings.
This bearing arrangement is inherently more stable than the cn-ven-
tional full iournal beari-a;and in addition has tb- c< a - tv to bc
seIf alni.- A review of the theoretical a experiental work

f - - -or -- exprien

that was Dero.zmed on both e - i A-2) and the eterna±ivpressurzed (EP-2) rotor s nresenteu. -ne Er-S rot-or was OV~i-

c v- balanced arnd ru. ailure was encountered at 15,000 rV. Th
rotor was stuied in an erfort to determine possible rasons for

fiure. T SA-2 rotor was tested at speeds ul- to 18,000 rpm. -:e
oad fieti characteristcs of the hydro- static lt-rs were=--
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determined. Film thickness measurements of the self-acting pivoted
shoes were taken. A preliminary design of a self-acting thrust
bearing was tested up to speeds of 5,000 rpm. Correlation of film
thickness measurements and theory is presented.

62-052 Gunter, Jr.3 E.J., j.G. Hinkle and D.D. Fuller.
MiE APPLICATION OF GAS LX7 -UEakTED BEARINGS TO HIGH-SPEED TURBO-

MAGHLN=Y Franklin Institute Laboratories for Research and
Development. Quarterly Technical Report, September 1, 1962 -
November 30, 1962. Report T1D-18292. Contract AT(30-l)-2512.

A program directed towards developing procedures for designing practi-
cal gas lubricated bearings for use in high-speed turbo-machinery is
discussed. Effort has been applied to the design and analysis of two
separate bearing systems; one system requiring external pressuriza-
tion, and the other of a self-acting nature. A revikw of the theoreti-
cal and experimental work that has been performed on the self-acting,
gas bearing rotor is presented. This rotor was tested at speeds up
to 20,200 rpm. Film thickness measurements of the self-acting pivoted
shoes were obtained for various pivot positions to ascertain the oti-
mum pivot location. A secondary technique to measure film thickness
indirectly was- developed to permit the monitoring of two shoes simul-
taneously. In addition, a shaft attitude-eccentricity locus was ob- -
tained. Theoretical perfoaCe of pivoted-pad , partial journa
-bearings is presented in the form of computer 'field- mans for values
of A = 1.5, 2.5, 3.0, 3.5, and 4.0. Extended theoretical load
deflectior curv-es for a shoe pivoted at !o = 2/3, are presented.
An analytical equation, which was derived from the computer data,
is given to pred ict the load-cart ing capacity of a pavoted-pad bear-

ing. Performance characteristics of the pivoted-pa g--as bearing are
compared to the characteristics of a flat slider beartig usirn an
incompressible lubricant.

62-053 Ha-liday, Z27.

AN LMPROVED AIR LJ7BRI D SfU-klM PIPE CLNG OR JOGUIRAL
BEA N . J. Sci. Instrum., vol. 39, no. 1. DD 72-3. (1962)

order to conduct compressed- air -to a- small -mo-dctor a ground
effect machine- whh was undergoing dynamic tests9 a triceionlass
swvelling pip copling was -equired. Externally pressurized aJr

-earines were -the choice for lateral restraint or the moving p art
ogce continuous rotation was n-o requreA

fiSe straied wires acting along thr axis provided the -lonitudinal
E - _q 4 4 E- - -

restraint. Longitudinal grooves L tne Coutrnal nontro ressure
distribution and a Continuous, thaIn h very thin, cirumferential
slot replaces the individual throttling orifices.
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62-054 Herbert, Cr., T.A., and E.L. Christian.
AIR BEARINGS FOR MACHINE TOOLS? Prod. Engng., vol. 33,
no. 10, p. 177. (May 14, 1962).

The authors claim that up to now, none of the many air bearings de-
veloped in recent years has been practical for use in machine tools.
But now, a new method of distributing air pressure over the face of
the -earing has greatly increased the potential uses of air bearings.
In fact, four air bearings are already doing the work of ten roller
bearings on a straight-line welder at General Dynamics/Astronautics.
They are doing the job so well that carriage travel is accurate
-enough to permit welding of foil-thickness metals. Vibration is
virtually non-existent.

62-055 HodapD, jr., A.Z.
EVALUATION OF A G BEARING PIVOT FOR A HIGH AMLITUDE DYMMIC
STABILITY RALANICE. Arnold Engineering Development Center.
Report AEDC-TR-62-221, December 1962. Contract AF 40(600)-000.
AD-290 948(K).

The results of a study of the load eapacaty and da-ing level of -a
gas journal bearing are presented. Experimental data indicate that
the bearing is capable of supporting radial loads in excess of 300
pounds, and that the daving parameter has some Inverse relation.ship 9
to -frequency which is determined by thE radial load. It is showm
that the dampea motian of the gas bearing can be approximated ade-
quately with the viscous-dning equation.

62-056 Hopkins, W.G.
IDW FR ESURE AIR BE RING SLIDER. IBM, Tech. Dist. Bull.,
vol. 5, no. 5, -p. 16. (August 1962).

in-is device torsionally loads an air-lubrcated slider towards a
moving surface. The slide-r is pivotally mounted 4- f-shaped arm
by pins received ioen ings in the extremities of an arm. The
slider is initially loaded towards the moving crf-ce by a small
force. A torsion force Ji-s then applied to the arm -in the directiw
ot :recucing the angle of attack of the slider. As the angle of
attack .s- reduced, a partial va=u-- is created under the trailifg
edge of the slider. An equilibrium condition develops betWeen the
torsional force and t ne vacuu, -hich maintain-s nearly constant air
f ili, thickness for both nositive and negative no-al loads.
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6 2-057 Blo)k ins, W.G. and D.H. MoIclung.
AIR BEARING. IBM, Tech. Disc. Bull., vol. 5, no. 2P.12
(July 1962),

An. air lubricated slider bearing -supports a macxnetic t'_ransducr-r !Y.
proximity to a recording- d-isk. A transducer-su-portL1  slidri
p-rovided with one or- more vents located av--nerr -itally fabout the
roll axis and forward of theq ~ntchai.-Te"-sble f

-port %n of the- lubricating-r fil1m carried b" the rotlat'ing di;sk-. Thfl
reduces the film thickness and, consequently, -the slid23er-to-disk
spatcing, while increasinE the stiffnPess of th ern.Teanale
of. attack of t6-he slider is controlled by the osition ia o f th Ie
vents ahead of: the DitL-chL axis. This reduceS the sensitikvity of- the
slider to chances in surrac~e velocityr. The rates of chance of il

thickness and an-ele of attack with variations in-- surfa-ce velocityV
decrease as the lanale of att .ack is reduced. Thus, -the vent-s permit
nearly uniform sie-od s sacirgc over the effectilve radius of
the disik.

AIR BEARING. -U. S. Patent 3,0047 -(o -&A. as
s-ented hr t--he National- Aernautics' anca -pace Adiistrato)
Applied Eay -l6 1961- Issued Decant-er 25, 19 62.

Th is patent deals :with an air! bernwth _xtMLatpressuriza
tio,. avng pecaldesn roviezions to alninate "turbine

62-059 Katto, Y_ and N. Soda.
MEUFDR ET11IVa.. t tI1U-TI SS ±Q ±r.E SIBUaY - -.- -- U -LiCA 1±

JOURAL EARIIIG. Trans- JASM (J. Basic nnng.), -vol. 5.4-

A transr4IoratiDon n-reviouIslv used to Ob'tain an. aporoxi-Mate solii-
tion to HarrisonS-'sthermal ecuation for L-~teit be12in

is apnlied to the ttudy of finiteC-width" bearigs.- under a gen~eral
pressure-dens ity relationshi,. Apnroxinatcr solutionst for- high

vaue of ecentrit raioae obtained, as is- a szoli*'on which-
Permits i-nsight nt the ch aracteristics of io~Ibearins

oriertingat lw rotatng szpeeds. Cf nrio wt expverimnta

data indic.ates that actual beartnIZs opnerate under a condition
wch is interm-ediare between isothermal and afaacat hiM

speeds, and under the isothlaermal conditions at low spWeeds.



62-060 Kerr- J.
AIR-LUBRICATED JOURNAL BEARINGS AT HIGH COMPRESSIBILITY -NUMBERS.
Paper presented at the Symposium on Non-conyvttionai Lubricants
and Bearing Materials Such as Used in Nuclear Engineering, of
The Institution of Mechanical Engineers, Manchester, April 12,
1962. (Summarized in Sci. Lub., vol. 14, no. 6, p. 26.
(June 1962)).

An experimental investigation of induced pressure (hydrodynamic type)
air lubricated plain journal bearings operating at high speeds and
sustaining steady loads is described. Air-film thickness measurements
are reported and the experimental results compared with available
theoretical predictions. Results are given for bearings with breadth/
diameter- ratio of unity and a journal diameter of 1 in.

62-061 Larson, R.H. and A.G., Piken.
BEARING AND LUBRICANT REQU!PIEMENTS FOR SOME AEROSPACE PROJECTS:
DISCUSSION AND PRELIMINARY INVESTIGATION. ASLE Trans., vol. 5,
no. 1, pp. 1-7. (April 1962).

Some of the pressing bearing and lubrication problems which con-
front the aero-space industry today are illustrated. Specific
requirements of bearings and lubricants for nuclear engine controls
and a hot gas flight -stabilization system are given. The results
of a lubricant survey are discussed, and- the preliminary test

results obtained in a 6000F lubricant evaluation program are pre-
sented. A brief discussion of the merits and' Limitations of gas-
lubricated bea-ings in extreme environments is included. The con-
cluding remarks emphasize the need for increased bearing -and- lubr-i-
cant -research.

62m-062 -Larson, R.H. and;H-.. Richardson.
A PRELIMINARY STUDY OF WIRL INSTABILITY FOR PRESSURIZED GAS
BEARINGS. ASME Trans. (J. Basic Engng.), vol. 84 D, no. 4,
pp. 511-5207 (December 1962).

Experimental data are presented for the threshold of whirl instability
for a short, rigid rotor supported in externally-pressurized, compen-
sated gas journal bearings. The effects of supply pressures from zero
to 200 psig anid of radial clearances from 0.0006 to 0.0032 in. are
discussed for one type of bearing configuration. A simple stability
criterion is presented which explains qualitative-ly the observed
trends. Whirl instability was observed when- the frequency of rotation
of the shaft exceeded from two to six -times the lowest natural fre-
quency of the shaft-bearing system.

-
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6 2-0 63 Laub, J.H.
GAS LUBRICATION IN ISIktIiENTS AND CONPROL DEVICES. IS3A Trans.,
Vol. 11~ no. 4, pp. 305-14. (October 1962);

The use of compressed gases or vapors for lubrication aund1 fl otation
of rotating, pivoting, or sliding elements ofp instruments off ers
significant advantages. The viscosity of gas eous lubricants is
:several orders of magnitude lower than that of incompressible lubri-
cants, resulting in reduced. frictio-n torques, smaller losses, and
~lower operating temperatures and in -virtuailly vanishing startin.
torques for hydrostatic bearings. Gases are -suitable for lubrication
at extreme temperatures, both higfh and. low, and in -other environments
where conventional lubricants Puay become unstable, for instance, under
exposure to nuclear radiation. A-number of -exarnples of applications
in- instrumen ts and control devices are cited, e -g-, t-he support of
the gimbal and spin axes -of gyros-, pDivO r bearings -for -wind-tunnel
balances and at-titude-control simulators, metrological instruments,
and readout devices -in ran-16--access computers-. Recent rgrs in
the- Calvasis of thin-film ; as lubrication at -the jet Propulsi-on
Laboratory! of the California Institute of Technology in Pasadena I s
briefly reviewed. Prediction of the performance tharacteris ties and
the accuracy of design data fr gas bearings has been greatly- im-
-proved. This is exempl-ified by- the development of -a v iscOuis --flow
theory -for extern ally Pressurized instrument bearinjs or various con-
figurations, which yields very satisf actory correlation w~ith experi--
menital data.

-62-064~ Lee, R&E.
iBARING 11-TERIALS ANDI- LUBRICANTS. FOR -'HIGH; TEIMPRAURES.ats
inDesign--Engng. ,.vol. 5 5',<n.3 p 0-4 (~h16)

Gas bearings are- not a~ cure-all-- for h ig h temperatures, -aid- several
materials- problems are -being encountered-. Engineers- wo-ul!d l-ike to
have 'materials with comparable coefficients of expansion--and: materials
that resist galling and do not -wear excess ively during -momentary con-
tAct. They would- al-so like to have bear ing -r-ateri14al s that will not
oxidize and that -wi-il remain dimensionally stable at hig-h -tempera-
tures. Some of the -bearing materials that look -promising for high
temperature gas bearings ate: carbon-graphite, copper or silver-

impegntedgraphite, nickel austenitic iron, sintered metals ,such
as nckel- impregciated with a solid lubricant, beryllium alloys, and
hard coatings, such a aluminum oxide.- Some of the shaft materials
that look promising ate: oxidation resistant alloys that can be
hardened by heat treatment, nitriding or hard chromium plating, flame
or plasma arc sprayed steels, and cermets and ceramics.



6-2-065 Lehmann. R.i A- Wiemer aind R- Rnul_
';AIR BE-ARINTSj LUFTLAGERA. (in German). Feingeratetechnik,
vol. 7f no. 4, pp. 151-160. (1962).

Air bearings can be-equipped - depending on their use - with plane,
cylindrical, or spherical surfaces. They have a number of openings
for admission of air-under pressure, with constrictions which
-operate as air nozzles. Between the constrictions are chambers for
damping the air velocity; their shape and size influence the capaciLty
Of the bearing. Depending onl the distance of the nozzles from each
other-, a-certain pressure develops, which is, however, lower than..
t!' e Dressure in the chamber. If the chambers -are oblong and arranged
pa-ralle! to the border, there will be a-linear air flow, and the
capacity of the bearing- will- reach -a maximum. -I order to equalize
thtepressure,. the -air nozzles- at the corner should- havc- a somewhat
larger diameter than the-others. Parameters on which the cap-acity of
-the air bearing- depend -incelude: the size of the -beak-ing sur'f-ace, the
pressure of the air in f ront of -the bearing, the- s ize and arrangement-
of the air nozzles, the -shape of the chamber and the height- of -the-
aperture. A niumber -of appl-ications for air bearings -are- given, e.g,-
ill single shaft- and multiple shaft-boring-machines, in headatocks-
of lAthes, in stereotype -printing plates, in paper cutt-ing. machihes,
etc. A new- application, recently installed in the Berl-in 0ff-ice of
Weights and Measures, is the mirror of the tichelson Interferometer,

wh Ifh is mounted on a sliding carriage, equipped with-air bearings.

-62-66 temoi-,J.R.
ANALYTICAL AND)S EXEIMENTAL -STUDY -OF EXTERNALLY~ RSUIE
AIR LUBRICATED JOURNAL BEARINGS._ rn.AM,(. ai na.-
vol. 84 D, pp 15 9-16 5. (March '1962). -

A simplified analytical -method for the- calculation of t-he character--
istics -such as-, -tiffness , sElow, and load of an externally

-pressurized gas, 3ournal -Iaig o-tebasis of a- one-diwensiona-l
f low approaca, -with al-lowance for -the effect of circumf erential
:pressure var-4Ations is presented. The analysis- shows that bearing
s ti34ffness- has ar optimum which -can be chosen throug. -a proper selec-
tion of bearing design parameters, such as radial clearance, upstream
re'istor, and supply presslare. Experimental, data are found to verify
the assum.,ptions- and predictins of the analysis. Recessed and non-
recessed bearings are compared.

f4
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62-067 Lewis) P., S.F. Mu rra y and M.B. Peterson.
InVESTI0ATION OF COMPLEX REARING AND/OR LUBRICATION- SYSTE-S.
Mechanical Technology, Inc. First Quarterly Progress Report
for the period May 1962 - August 1962. Report MTI-62rL.,
August 5, 1962. AF contract AF33(657)-8666.

Progress is reported in evaluating com lex bearing and/or lu--faion
systems for flight accessory equipment that operates at' temperatures
from -60 0 F to l500CV, in high vacuum or normat atmosphere, and during
exposure to nuclear radiation. Two svstems have been selected for
further study on the basis of materials availsbilitv and adaptability
to the combined--system concept: (), th : Solid-lubrieated tolling
element bearing and (2) the externally pressurized gas bearing.

62-068 Ling, M.T-.S.
ON THE OPTIMIZATION OF TME STIFFNESS- OF EXTERNALLY PRESSURIZED
BEARINGS. Tran ASME (U. Basic Engng..), vol. 84D, no.
:pp. _19-122. (March 19621.

Thi; -paper presents theoretical -studies of -the method of optimiza-
tion of the -stiffness of externally pressurized- bearings, When an
externally pressurized bearing is designed to operate at any given
film thickness, it is found that the .maximum bearing stiffness can

Jbe obtained -by proper selection -of the value of the -ratio of Tecess
to supply" pres~sure,- P./PS While: various values -of criPs can be
attained--by e-itlier varying t-he - -istric'1o -at f a en. fim

_ ~ ~ ~ ~ ugtersr or constanr. _;-or a- _gvn
rhJilkhess _or :varyica -the tilh- thickne$ for a -aiven restrictor Con-
stant, the pimpnrtant quantity to-vary in, detemining the_ optimum
condftion -is the -restricto conStant rasther than the f-ilm thickness.
For an incompressibl-e fluid, t4e PJP vajl'e for whih -the tearing
stiffness is optimized -depends only on the type -of -com.pensation- used,
while -for a cdmpressible fluid it is slightly Affected by exhaust
pressure.

62-069 Loch Erwin
[AEROSTATIC --THRUST -BE-RINS]j- AEROSTATISCHE .AXALLAGEZR, (in
German). Doctoral Dissertation, Teehnicl University -of Graz.
Austria. (1962.).

A generally app licable equation for -small disc dimensions was derivedr- . -7-1 Uidmninswsdrie
for the radial equilibrium of the compressible clearance flow, includ-
ing consideration of rotation. it was found that heat transfer of a
flowing gas between two adjacent discs is very high and that the
clearance flow undergoes, under certain conditions, an isothermal
change of state. The calculations were extended to include bearings
in which the flo- occurs in two directions, outwatds and inwards.
For the laminar, isothermal radial flow the pressure di stribution in
the clearance and the aount of flow were derived py means of a
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simple and an extended approximation. An analysis of the flow equa-
-tions obtaihed showed the influence of kinetic energy, of rotation
ot a disc, of gas-dynamic effects and of labyrinths. The conditions
at the transition from laminar to turbulent flow were analyzed, in-
cluding the observations reported by previous authors. Based on the
literature data on friction values for the turbulent clearance flow,
the course of pressure and the amounts of flow were calculated for a
simple case of turbulent, isothermal radial flow, The load-carrying
capacity of any bearing whatsoever could be determined by introducing
into equations, known previously, a non-dimensional factor which de-
pends only on the radii and pressures. Solutions of the load capa-
city integral of laminar flow in the negative r-direction and of the
integtal for the turbulent, isothermal radial flow were found. Opti-
mization and economy of the bearings ,-re also discussed, including
criteria which lead to the optimum F ng geometry relative to the
location of gas inlet. The power lu. j found when different gases
-were used, were compared. An optimum nozzle pressure ratio was de-
fined and calculated for bilateral and symmetrical thrust bearings.
The individual throttle elements were described. The advantage of
Venturi nozzles over cylindrical noz.zles was shown. In another
chapter, the non-radial isothermal cl!arance flow was investigated.
Disregarding the influence of inertia, Pmod the rotation of the discs,
the flow distribution was represented- as a potential function.
General relations between the course of- pressure, the load capacity
and the amount of flow were studied. -Ncn-dimensional bearing charac-
teristics were -derived and represented as ftnctions of gas and pres-
sure parameters for the laminar and turbulent clearance flow in the
rorm of curves. Experlients on heating- of bearings, bearing charac-
teistics, change of pressure in the clearance, amount of flow and
load capacity confirmed the data derived theoretically. The influ-
ence of the inlet nozzles and of other parameters on the stability of
the bearines was studied. Methods for damping the oscillations were
described. Finally, axial oscillations of bilateral bearings -were
investigated.

62-070 Loch, Erwin
RAk-MPING VIBPATIONS IN A GAS BEARING. U.5. Patent 3,049,383.
(to Escher Wyss Aktiengesellschafr). Applied June 8, 1960.
Issued August 14, 1962. Applied Switzerland June 26, 1959..

This invention concerns a device for damping vibrations in a gas
bearing. For this purpose, at least one resonator -consisting of
a chamber closed toward the outside and a channel connecting the
chamber to the gap between the parts moving relatively to each
other is provided in the bearing member. The resonator channel
contains a gas column capable of oscillating in the longitudinal
direction of the channel.
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62-071 L ochf ErWiT L
[GAS FEED ACROS.S SURMACES OF 1P0ROUS IMTERIAL IN EX -NULJLY-
PRF--SL--RiZED 'IIRUST BEAINF] !A~bb UBH FL -N AlUS

O0ROSEN MATERIAL IN AEROSCIXLAGERN. (-±Ger-an).
Schmiertechnik, Vol. 9, no. 6, pp, 307-313. (1962).

Externally-pressurized thrust bearings of high load capacity and

stability can be designed wit -throttlina members of porous raw
materials. Startinq fro the flow equation for Dorous aterials

and the basic equations of lamina, risothermal flow through
narrow radial clearances, relations are derived by means oz which
the course of pressure, the load capacity and the amount of gas
can be calculated in externally-pressurized thrust bearings in
which the ras is -fed throu:h a rinIg of porous material. In the
limit for zero permeabili ty of the porous material, the relations
thus established furnish- the equations w hch descrine the com-
pressible flow throudh a eltarance with solid walls. An example
is Liven for the calculation or a bear--ng with a load capacity of
1430 kp which explains speCifically the aplication of the boundary
conditions;

62-072 Loch, Erwin
-LTNWESTiATION OF AEROSIWFIC JAXAL BEARINGS FOR T RBO0-wNAINERYJ.
UNTERSUCLUNGEN UEBER AEROSTATISOHE EXALLAGER FUEI TURBOMASCINEN.
(in German). Atomkernenergie, vol. 7, no. 12, pp. 4-89-95.
(December 1962).

The purpose, prDperties, and industrial application of aas lubri-
cated bearings are discussed. For a pressurized thrust bear-ing
with separate supplv-nozzles leading directly -into the bearing
clearance, the character of the compressible flow -was investigated.
It is showm, that the laminat flow of gases in narrow slots can
be described by potential theory. The pressure distribution, load
capacity, and flow rate for a slot with- parallel walls formed as a
sector of an annulus having one Source (supply nozzle) were calcu-
lated for different sector-angles and compared with test results.

6 2-073 Lund, J.W.
HYBRID GAS LIUBRICA ITED JO'OUILAL BEARING. Mechanical Technology Inc.
ReportM1TI-62M2, March 15, 1962. Contract Nonr-3 7 3 0(00).

Th nurnose of this report is to analyze the load carrying capacity
n next-enaI pressurized gas journal bearing including the hvdro-

dy ami, c ^f'fect caused by the rotational speed of the journal. The
analysis is an approximate first order perturbation solution, i.e.,
it assumes tnat theg-a aS. es place through orifices in the

center-plane of the bearing and. that the number of feeding holes is
sufficiently large to be considered a line source.
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62-074 McKenna, R.D., D.O. Bard and J.G. Gievers,
GAS LBRICATED BEARINGS FOR ADVANCIED SYSTEMS. ELECIICAL
ACCESSORY EQUIPMENT. Technical Documentary Report ASD-Ui7Df-62-170,
September 1962. A? contract AF 33(616)-7919. AD-295 481.

Design criteria, fabrication techniques and an analysis of experimental
test data for I-inch bore externally-pressurized gas-lubricated journal
bearings are discussed. Bearings were investigated to satisfy the
following conditions: speed range, 0 to 24,000 RWM; temperature
range, -650 to 15000F; and- starting, bringing up to maximum speed, and
the coasting or braking to a stop under concurrent radial and axial
loads of 50 pounds and 25 pounds respectively. A reliable electro-
lytic erosion method was developed which eliminates previous machining
problems. To eliminate the seal problem caused by the temperature
range required, micro brazing was used to Join the porous inserts to
the bearing housing. All bearings were fabricated from stainless
steel. Procedures for ambient load tests, high temperature tests, and
ambient-pressure flow tests are outlined. Many tables and graphs are
-included.

62-075 McKenney, H.F.
AIR BEARINGS. U. S. Patent 3,010,406. (to-Chrysler Corp.).
Applied February 11, 1960. Issued December 25, 1962.

This invention relates to ait bearings which-may be used in apparatus
such as gyroscopes where a minimum- of frictional bearing resistance
is required and also -where a -substantially complete absence of fric-
tional heat is-required. The bearing -is a type which does not use
any source or compressed air or any compressed gas other than that
air which is naturally in the space between the rotor or the housing,
and may be provided with offset peripheral porticns to provide wedge-
shaped, air compression spaces between the members. These spaces
cause the rotor to be suspended on an air cushion within its housing
when a certain speed of rotation of the rotor is attained. The same
result is attained when the housing is made the rotatable member.
The compression pockets will become filled with whatever fluid sur-
rounds the system -utilizing these bearings, for exam]ple, water or
oil, and the rotor will be supported on a cushion of that particular
fluid in the same manner as though the fluid were a gas. A signifi-
cant advantage over the prior art types of air bearings is that the
present bearing requires no outside source of compressed air, but,
instead compresses its own air for floating the rotor within the
housing. Since the rotor actually does float within the housing there
is no frictional engagement of the rotor therewith and the heat de-
veloped by the bearing is practically non-existent.
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01-7 o MacIs, £. F.
GAS LUBRVICATION OF BEA PANGS AT VERY iliritLP. -H~LS A Air

Forc-Nav-IndstryPronulion Systems Lui -r .flee

rroceeoing's S~an Antonio, Texa, November1- f-U oU
Technical DcUQL.,fltatv R or SD.-UNR-6 2-4A-5, -mav ~.Ae n
tract -AF 33(616-72-93. AD2883. po. 211 - - 5

The Prime objectives of this puroxgram indc1u ce tnrust as well as jour-
nalsef-atig-no e-xternall--esric neatn7 and means of

evalati~e te lbr'cnn -heangsystemns at temnDerature-s from SO t
13-001T or hieher at low luL i~d;;- fl ow rates. 5-nfeenic equpment
details and program- requiremments are c-iven in the paper, Flow
orientation studies have buus -o4cted atr o o temperaturetosed

of 4,00 pm(D equivalent 2--. 4 milion. Gas -ca-nes have
been operated over the temi-per~tr rnp 0to a rte
from 1.3 to 310 lb/ar over a- ne of speeds and t-oads. Theoretical
analyses result inl generalio-e-d 'ow data f7or T YpDe I (oh~e corn pen-
sated) and Type IT (mocif ie ste _ eain1 -hcAev a ud

fLor experimentalI studies. Atnallyses of exp-erimezntal idata ledto an.
explanation of--. lubr-icant flow deviations bet-ween theoreticali and
experimental results at room ana hig-h temperatur-es. Cnrie

curves compare fElow and load capabi ities of many Ezases and saturate-i
vapors from 0 to _24000 F with nitrogen as a -reference lbricant.

62-077 Mbeacher, 5.5..
GA~ UBRIATIN OF BEARINGS _AX -1110I JThPERATURES. Fairchil

Stratos, Inc., -Stratos Division Progress Report 1, for the
period February 15 - Nay 15, 1962' AN contract AF 33(657)-S216.

The performance of g-as-lubricated bearings at high temperatures tzas
experimentally dletermined. -eaurernent or nDearingr operating clear-
ances and eccentricity was attemnpted. A variabLle inductance device
for measuring bearing clearances is describmed. Methods ofcalibra-
tion and application- are defined. Mod if ications to the bearing test
rigs and- test facility -to imnprove test conditions anA -fnailitate
clearance measurements have been made. A1-nalysis ofr thle ef'fectso
temperature and viscosity changes on the load capacity of Ras lubri-
cated bearings was Performed.

62 - 07 bleacher, J.S.
GAkS LUBRICATION 02 BEARIN-GS AT HIGH! TDE4PRiATURES. Fairchild

Straos, nc.,Stratos Division Progress eor -fo h
period~~~ May 16-Ags-5 92 AF c-antract AF 33(657)-8216.

A preliminary test of a step jou rnal bearing was performed using
variable inductance C eearai;-l 'uC-s. Grit contlamzin-ant~s in the
bearing and temperature varia-Itions at the easurenen. statio re
Quijred further deveAlopment _a moitfication ofL the test facility



_ (
and techniques. An externally pressurized orifice-type journal test
bearing and three test shafts were fabricated. A test rig incor-oora-
ting this bearing was assembled and installed in the test facility.
Testing of this bearing rig was begun.

62-079 Modrey, Joseph
ThE PROBABILITY OF INTPMNITrENT CON£ALf OF EXTERNALLY PRESSURIZED
GAS BEARNGS EXCITED BY SMIOCHASTICALLY DEFINED FORCING OF THE
BEARING -SUPPORTS. Union College, Mechanical Engineering Depart-
ment, Research Report, August 1962. Navy contract Nonr(G)-
00028-62. AD-282 809.

This report describes the analytics necessary to express the relia-
bility of gas bearings in terms of the probability of damage due to
the random vibration of bearing supports encountered in a service
environment. The case of a flexible rotor supported on externally
pressrized gas bearings is Specifically referred to. Both the
linear and nonlinear beating stiffness examples are investigated.

62-080 Mori. Uaruo 1. Shizuma. Toshivu-ki Shibayama and T. Yamamoto,
.RESEARCH- ON EXT IALLY ThESSURIZED JOUL GAS BEARING].
(in Japanese). Trans. Jaan Soc. Mach. Engre. , vol. 28,
no. 196, pp. 1713-1719. -(December 1962).

The theoretical research- on externally pressurized journal gas-
bearings has been reported by T. Sasaki and H. Mori. In their
paper, the eperimental data employed in comparison with the
theoretical results were for the bearing with single gas supply
hole without restriction. It is general to use externally pres-
surized gas-bearing with multiple gas supply holes arranged cir-
cumferentially and axially. in this paper, gas-bearing with
multiple gas supply holes is designed theoretically and the pres-
sure distribution, flow rate, and optimum restriction were examined
and compared with the complex potential theory. The experimental
results show good agreement with the theoretical results.

62-081 Neher, H.V.
AIR-BEARING MAXELL TOP. Amer. J. Phys., vol. 30, no. 7,
pp. 503-506. (July 1962).

The Maxwell top described here is suitable for use in a student
laboratory. With it, measurements may be made on angular accelera-
tion and precessional motion. Over a wide range of angular speeds,
friction is too small to affect the measurements. The precision
attainable is limited primarily by the patience and skill of the
experimenter.
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62-082 orth Amerian Aviation.

1. n BR-I -A A E BRING AT NG IIUA-HiGH TiWIP-A-T--ES. A PARTALLY

ANNOUMTED BIRLIOGRARIIIY. janary V'17, '1 Ar "62

A survey of the unclassifiea i-terature from 1959 through 1961 on

friction, 110ri io, ana- erings at ...-pr-atut n-ve I
is presenied.

62-0-3 Oak Ridge National Lahoratoy
ROTATING MACHINERY FOR G.S- LED REACTIR APPLiCATION, Rrzut t-v-
INGS Oak Ridge National La r t ry Tennesseey -rr- i2-4 1962f

Report TID-7631. June9 409 pp.

A total of 30 papers are included in this cumuation. Separate ah-
stracts were prepared for papers. No abstract was x rpared for
a single presentation concerned with the er.ornnc t acteristics

of a centrifugal compressor for He at i000'F and - Only
nine papers are concerned with gas-Lubticatea nea- r~t

62 084 Pan, C.H.
ON T-IME DEPENDENT EFEIs OF SELF-ACTING aGS DYNAxIC JOUm-"L
BEARINGS. ASME Paper 62-UB-IO. 2 papers. (Abstract
in Maech. Engng,vol. 84, -no., p 95.,
(Otovember 1962).

A mathematical procedure is given for -uncoupling the t-me-dependent
isothermal Reynolds equation, related to the motion of the journal,
from the dynamical equation, which depends on the initial Condition
of the fluid film. Two basic assumptions are employed: tine-depep
dent effects are Small and consequently the equation is linearize:-
and time dependence -is -recognized to include a true transient and
implicit time dependence. The true transient is neelectea. his
assumptIon is referred to-s the i.--licit hvothes is. Beginning
with the steadwstae solution, the governing equations for various
time-dependent orders are developed in succession. The recurrence
relation for these equations is established. For the case or a
nearly concentric journal unaring small translational motion,
closeUd-form solutions are obtained For 'Tplicit" ti--dependent
effects u _ the second order. Tis analysis prm-is tne computa-M
tion of "implicit" time-dependentfluid-film which can- We

used for the stability analysis or a±± Steaay-state rotor motions,
without solving for rotor dy__s -_n e tjm



(I!
6o-O85 Pan, C.H.T. and Beno Sternlicht.

MPARISON BME. M -N THERIES AND _E(PERLMENTS FOR TUE MURESHOLD
OF JNSABILIIY OF RIGID JOURNAL BR.RIN -. Mechanical Technology
Inc. Report MTI-621RI3, August 3, 1962. Navy contract Nonr-
3730 (00).

The threshold of half frequency whirl for a rigid rotor in self-
acting, plain cylindrical journal bearings is analyzed by several
metho(h and the results are compared. The correlation between the
various approaches appears to b- good. The simplest method rf
analysis is therefore used forJ comparison with experimental data.
Experimental results showin the effect of bearing length and bear-
ing load are compared with theory. The influence of bearing length
on the threshold speed agrees with the trend of the calculated
results. However, the experimetal threshold speeds are always a
little higher. In comparing the effect of bearing load it is seen
that the calculated threshold speed is consistently somewhat over-
pessimistic but the influence of rotor inclination is in very good
agreement with experiment. The methods presented in this paper can
be readily used in design to insure stable averation with plain
cylindrical journal bearings.

62-086 Pan, C.H.T. and Beno Sternlicht.
ON" THE TRNSLATORY P.IRL MOTION OF A VERTGPL ROTOR IN PLAIN
CYLINDRICAL GAS-DYNAMIC JOURNAL BEARINGS. Trans. ASIME GT.
Basic Engng.), vol. 84 D, no. 1, pp. 152-158. (1962).

For the theoretical prediction of the dynamical characteristics of
a rotor system it is necessary to have an accurate knowledge of the
bearing fluid film forces under dynamical conditions. With a small
clearance ratio and at a moderate speed, the motion of the lubricant
is governed by the generalized Reynolds equation. If the lubricant
is a gaseous medium, the Reynolds equation is complicated by the
compressibility effects, which include nonlinearity and time-depen-
dence under dynamic conditions. In the case of a vertical rotor
operating in plain cylindrical journal bearings, the steady whirl
approximation is appropriate and tie-dependence in the Reynolds
equation can be removed by a co-ordinate transformat-ion. The form
of the transformed equation is identical to the static Reynolds
equation except that the compressibility number is modified by a
factor which depends on the angular speed of the whirl motion. The
attitude angle, in the presence of the whirling motion. is quite
different from the static attitude angle. On the other hand, the
magnitudes of the forces are not very different. The steady whirl
analysis may be used to determine the synchronous whirl motion of an
unbalanced rotor. The phase angle between tbe fluid film force and
the maximum film thickness plane is the complement of the attitude
angle according to the quasi-static whirl analysis. Also, the modi-
fied compressibility number is reduced to zero at half-frequency (
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2-SS Prearson, fi.
THE POLflROPIC -EXPANSION1- OF AIR- ThROUhZ'A A MuFlfl-E rrNflT NOZZL.E
INFINITE F MSSRE RATIO0 - A!) INT-EESIhN-G ANOMALY. Aeronaut&_.

no i+l. It 3  301-07 (I, c r4:jem etI9,,

PevioeUs ptapers hrave lexzxmned the impLications of an asiny-ed po ly-
tropic expaso law on the nerformance of nozzles. In tb-is -paper
a Peculiar ancoaly is examined .,'en the convrergent nozzle is cx-
hausnna into_ a va=cuum. It is shown-- that, oni the strict assumarions
or a polytropic expansion law. and thne asupint-t -nr flowy Ti

maximize f-or a iven thotaeth t.ns 0 puno air inv-
creases n-roeressivelv wihfallint. roov- -

the nolvrooi .-. opC e-ricienicy, beo-!1
infinite wnen -heoltoi erriciency is zero. ThLe author angl
that thi-s -ancymal iv is eithner concerned with the ass u"Mp tiau0i that thke

flowwil maimie o meas tat olyropc expansion efficienc,
below a cartaarh Jn-it are theoreti-cally LhiSlbebt he bieve-sI ~~tb-at tb-cre may be smie othercna tin



62-989 Peyton, Robert
CAS LUBRICATED SLIDER BEARINGS. Ampex Cor. Report

G-27O November 1962.

The object of thi-s study has been to determine a method of maintain-
ing a precise space between two surfaces. One of the most promising
ways is by supporting one surface on a self-lubricating slider bear-
ing. The report gives a qualitative description of the hydrodynamic

lubrication process and quantitative information on several types or
sliders. It is apparent, although not proven here, that a pivot-
loaded, curved-step slider bearing is the most desirable type for
this purpose. The range of available surface speeds under atmos-
pheric conditions is from- 500 to 5000 ips, or to the burst strength
of the rotating material. Loads of about one atmosphere may thus be
supported with a film thickness of 60 to 100 Iin. These spacings
may be held easily within I percent. This, of course, depends on
keeping the slider mass small. The lubricating film acts as a spring,
with a rate on the order of !0 lb. per square inch of slider surface.

62-090 Poritsky, H.
A NOTE ON THE WORK DONE ON THE JOURNAL BY TME FORCES EXERTED BY
A COMPRESSIBLE LUBRICANT IN A JOUR2AL BEARING. Trans. ASME, (.
Basic Engng.), vol. 84D, no. 4, pp. 486-90. (December 1962).

In-the study of dynamical st-abi-lity of a rotor supported in journal
bearings with a compressible -lubricant-, while the -complete calcula -
tion of forces on the journal- is quite difficult, certain relations
regarding these forces can-be obtained in a-relatively simple manner
in -particular, an interesting relation is established connecting the
rate at which the bearing reaction forces do work on the rotor, and
the rate at which- the lubricant is escaping from- the bearing. As a
special- case, -for "an infinitely long" bearing in which -the "end
effects" are neglected and the motion of the fluid is assumed normal
to the axis, -one proves from this -relation that the. work done by the
lubricant forces on the journal always vanishes. Under these condi-
tions it can be shown -that the equilibrium position of the journal
center, for the steady load on the journal under consideration, is
always -stable, no matter what is the speed of rotation. This points
to the conclus:ion that the infinitely long bearing theory forms a

poor approximation for consideration of instability of a rotor hear-
ing system.

62-091 Powell, J.W.
HYDRODY-NAIC EFFECTS IN HYDROSTATIC GAS BEARINGS. Eninee,_
vol. 214, no. 5557, pp. 148-50. (July 27, 1962).

The author describes the results of various tests on an externallv
pressurized gas journal bearing having a diameter of two inches and
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i~IL 0.LOL !inches. - pesup to 7500 rpm were used A :'

plied load was varied between 0 and 130 lb. while the suppiy pressure
was varied from 0 to 50 lb/sq in. Several shafts were used giving a
clearance range from 0.56 x 103to 1.53 x 10-3 inches, The results
are expressed in terms of a load coefficient Ctand a compressibility
number A. 1where C =load/(projected bearing area x: gauge supply
pressure) and Az L/ J/p~ where Pt is the viscosity, a
is the bearing radius, U is the surface speed, P is the supply pres-
sure and c is the mean radial clearance. It was found that GCR was
proportioned to Afor any given value of eccentricity and that
the load carrying c apaci-ty of this type of bearing when rotating may
he much as three times as large as its value when it is stationary.

6 2-09 2 -Powell, J.W. and N. Tully.
WHIRL ISTABILITY -OF EXTERA1JLY PRES SURI ZED GAS JOURNAL BE-ARIGS.
Engineer, vol. 2913, no. 5553, ppD. 1121-2. (June 29, _1962)_.

The upper limit of speed at which any shaft system may be operated
in gas Journal bearings is invariably set by- somne f orm of unstable
twh-irl. In the experiments described, the whirl frequency lwy
corresponded to -the lowest natural Erequency of the- rotor mass and
the bearing spring stiffness, and the -onset of- whirl occurred -at
shaf t -s:peeds- xwhich were integral multiples of -the -natural -frequency-.
The whirl is therefore termed "fractional speed whit!" -arid observa-
-tviorq were made -of whirl at between 'one-t-hird and one-seventh -shaft
speed-.

-62-093 -etei~-..and Ben-o Stemnlicht~i
ON THE STABILITY _OF R0'ZORS- iN _GnJNDR-ICA- JOURNAL -MARINGS.* -
Trans.~~(.aiEfe) voLMI 8-D, -pp. 521-532.-
(December -l-962):4 -

The regions of stabili4ty for -olain cvl ihdrical journal bearing-s -haVe
been -determined analyticallyv in- t&his paper. The- linear !Iva iational!!
equation of motion has been employed to obtain the -stability regions
bounded by families of load-carrying- capacity -and -operating. :esccen-
tricity curves. The results were -applied to the ouasi-stati&' -

equilibrium cAse for gas lubricate& cyl-indrical journal bearings of
LMD = 2. They show that there exists a"minimum" -I- -h stabilitv
curves, a prediction supported -by experiwenral evidence_. Tile resul-ts
of this work seem toltiide togrether observation on stability at very
small clearances-and large ones.-

.-. ? 7T
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V -04 -Reynolds DS an u.A -Ss
mi tA A W'AI T4JPIXEXriw MrEI tL l0EiPA 1.7F HR IN SELF-ACTINU -. RLBRUTED

OU1RN'L BEARINGS. A~PTrans.., vol. 5. no. 2: Dp. 392-403.
(i~ovnbe;.1962)

Bearingu charac teristics influenc-inea the threshold speed at which
Iairgye-amuplitude self-ex-ited whirl occurs in complete, air lubricated
journal bearingc were experiment-allV1- investigdated. Various combina-
Lions of rotors having, *learance ratios, C z /r ranging 'From

V LoO22.350to -0-3 and syrmerical bearina2 asSem-iies nay-
inig slenderness -ratios, L' L/D, ranging f row 1/4 to 1 were Leste4.
By varying slenderness and clearance ratios and unit load, by opening
or closingr Supply on' 1cces', -r by adding 'Ibwalan-ce, the whirl thres-
hold speed could -b)e v-ar_-ied bet-ween zero and the limit set by the
available power. Experi'mental methods of identifying the cyvlindrical
and conical modes of synchronous aind sellf-excil-l whirl are descr-ibec.
The whirlI hysteresis rezios and thie nature of wh-lirl at speeds above
the threshold care examined. T-hree methods of avoiding largut-ampli.-
tude self-excited whirr ate discussed.

- 59~Q5 -RvlnderiL. and- K.Y.Li
PERFOR-MANCE OF SOLID-FILM LUBRICANTS REAIETO GAS-SOLID AND
GANS-LIQUID LUBRRICNTS. A-SME__Paper S62-LUBMS-13. 7 pages.
(Abstract in-MNech. Enrgvol 84T, no.. 9, 'p-8 3 .
-(September -19.

An -inves-sation of: bearing;C;s usi ainn mutphs lubricants
over a rah~e of OD rating cAdtin isdcp c"o n the -adAn

-ages or such -a stystem -tel-ative tn bcarings usiing i q uid o r solid
lubricenre -are set Urth. Th1 au~hr reottatteaii-yt

obtain- ood par. ormapece or. eas-sol-id_ lubricant-s was demonstrated-- wit
cdeffciels of -frztion Thss ]--hli 0.04 and nomasurale -wear.

Satisfactory4 operation was also -obtainea -withb gaatoil lubricants ov-er
a tense -or o-nerat-nRLcntirs Lubricants tes-ted included combina-

tion ot ilair, nrow -en,_ carbon dioxide, molybdenum 101u Jde

C"2-O6 Rvl ander 1I.G. and C.T. Iocrman.
ANlYICAL STUDYv AND N1UMERIGA-L SOLUiTIONS r FOR JOUR3NAL-BEARING!

1!YDRIODYNAI MIC 'LUBRICATI TMF U iNS OIAD01TPI~tLJR
ASM P aber -62-LJUBS-l 1. 11 pages. -

-(Abstract in Ifch-Engns., vol.- &,, no. 10,p 72.
(O-c-tobcr 1,962)L.

The pressure and temoerature distributioens using izas, oil, and -iulti'-
phase -lubricants zrn a journal bearing and numerical computer solh-
tions used to solve tne eynolds eq-uation and a-eneral energy equation
f,'or pressure and tewpret-ature distributions, respuctiLvelv, are de-

Ucx~d The solutions givem~ ate Said to icuethe efee~ts o



temperature and prc5sure on viscosity and the effects Of- compressi-
bilty and flo Work on the tempearature.Rltv romneo

1-500 combination hy drodyn amic -hd rostatice bearing is discussed by
comparing the eccentricity and co reficient of frictEion atditeen
Sommerfeld number~s for various lubricants.

152-097 Sabu Erik
sh1,INARY REtORT ON SQUEEZE BEARINGSC__. International Busziness
i..acnrnes Corp. 1B.M Research Nlote. Octuobar 10, 19,62 N akv
contract-IIIaP orr 3 4 480)

The claim -is -made that the validity of the isot'lrrrrial assumpt-ion i
zas net Cpons ha en rvp and that the -xist"'v solutions of te

"squeeze -nart"' of the Reynolds equation have been ventre. he
the sqzueeze- action is present, through- relative n Iml-oio ewe
bear-ing surf aces in a gfas bearing, the second order eff~et at high
squeeze numbers will result in anet - osi;tive f ii -'r, hence, the
squeeze bearing. _]he squeeze ocaring in itself iUS a very eff-icienst
tUearing with 'ihIodcryn aaiya igh- operating clearances.

-This reduces m-nchmIing ieQ'Lrtwcnt3 and costs measurably. Both thrust
-andJ journal 5Chieeze -bearngs are pass-,-leg and appear- to haxe num.erous
practical appliea Eins. Pieo electric mnatetials seem to -be an _e 4r

dets-d inexpensr-ve waV of colenz thbe f-bl em --or -driving sources
- lhuhaDower supply -require; to get the squeeze bea-nrg -etfhtt

The -power -consufapt'o 4- Iow -:an-4, de to high operatingclancs
th :rsoa ricto losses Mwill - e reduced. It- is _hrefore-; -con-

ceiVahml t-hat a fsqueeze tbeari.ng would be -even-more -eff-icient -thana
tvrce ~rc -barng

62-m-098 - Scott,- ±tD.
ONTE- HYRODYNAMICALLY SUPPORTED MAIGNETIC- RECORDINGC WIAD.

ASME ASLE' Paper--62-tLUB-1l. -S pages-. (Akbstract int
Mach-.. _E~n. -vol. 82-,- n -10,p 72. (Octoberl -19621).

A -partiihular des-in apptroach, is described for -a, w-agnetic recording
hea whc -P vrdyn amic al v Dmort ed (air ttnica;ted) on -a rgi -'d-
record-ing meo'ur, -schi as d rs or drum. The canmabilities 0f -the -
'head and med m :oget'htr are -2-4 naegacycles and an amlitude_ modula-
tion of less thanr+ / dbD. Tki lowtarnpliride m!oculation, reflects
the abi:7lity7 of thie gas beatring:to maintain extremelyv constant
separation of surfaces. Cer-tain nroblems ofan,"ntn gas-bear-
tug -techn-iques and their solutions are discussedL RelatilyIa
angles of in.clination of a plane slider bearinig are used as -the
,design foundation.
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62-099 Shaw, R.L.

AIR Br!G. U. S patent - 3,53,583. (to The Monach-
Tool Co.). Applied March 10, 1960. Issued September 11 19162.

This invention describes the use of gaseous fluid bearings, prefev-
ably air bearings, for replacing the metal-to-metal bearings lubri-
cated with a thin film of highly viscous oil. The use of a low
viscosity fluid such as air substantially reduces the frictional
drag yet provides equally accurate guvidance. The specific air pads
of this entin are designed to allow minimum air volume to elimi-

nate the oscillat-ions encountered due to the comressibilitv of air
in any volume of consequence. The invention provides low volume air
pads for gui ding and supporting a reciprocable member to prevent
oscillations thereof, and adequate guidance along linear V's and
flats. It also provides adjustment means for the air nads so that
they are properly -spaced relative to the reciprocating member.

62-100 Shawbrook, Henry and D.G.A. Thomas.
INPROVUMENTS I% DYWNMIC AS BEARINGS. British Patent 895,328.
(to Dowtv Fuel Systems Ltd.). Applied July 17, 1958. issued

May 2, 1962.

This invention relates to dynamic gas bearings of the kind in which
a cylindrical shaft fits with small clearance in a cylindrical
sleeve and-which during rotation employs gas in the clearance to
form a- substantially friction-free and wear-free bearing. The ob-
ject of the present invention is to- provide -a simple axial thrust
bearing f-or use with a dynamic gas bearing of the- kind .referred to.
What :is claimed is a dynamic gas bearing or the kind referred to

o mprising anh extension from -one end of the sleeve ei!closing either
the end of the shaft or a shoulder on the shaft to form a workin
space, a vent in the sleeve adapted to Carry gas from the working
space to a low pressure zone, this vent being adapted' to be parti-
ally closed by the end or the shoulder of the shaft when the shaft
is in its desired axial position, a supply port entering the working
space at a position not obstructed by the shaft, and a restricted
supply passage adapted to supply gas under pressure to the supply
port, so that in operation gas pressure is varied in the working
space in dependence on the escape flow of gas permitted by the
shaft through the vent to obtain automatic balance of axial thrust
on the shaft bv £as pressure in the working s-a--ne

62-101 Sheinberg, C.A

gGAS n- AFE 1 iTranslation M.CL-1227; AD-265 693.
October 13, 1961. 5 pages. (Translation from Byu!letin"
Izobretenii (USSR), no. 16 (1960). USSR patent apication
announcement no. 649006/25, December 30, 1959. Abstract.in
Technical Translations, vol. 7, no. 11, . 913. (June 15, 1962).)

The gas lubricated bearing, one piece cylindrical sleeve, fitted
with an anerature on one side for gas supply under pressure, is dis- £
tinguished by the fact that, in order to increase the dynamie sta-



bility of the shaft in rotation and the ease of starting, a longitu-
dinal groove is made in the sleeve, which supplies gas through the
above mentioned aperture, and in the wall of the sleeve, opposite
the longitudinal groove, supplementary curved grooves with capillary
apertures for the gas supply are made. The finished form of the
bearing is distinguished by the fact that in order to simplify manu-
facture of the apertures, two annular capillary borings, having an
operatine cross section smaller than the operating cross section of
the supply apertures, are made at the ends of the bearing.

62-102 Slater, J.M.
EXOTlC GYROS - WHAT THEY OFFER, WHERE THEY STAND. Control
Engng., vol. 9, no. 11, pp. 92-97. (Novw..cr 1962).

A discussion of the status, advantages, and problems of free-rotor
gyros, specifically covers the following: (1) autolubricated (self-
acting) gas bearings, (2) electrostatic support with the aid of a
servosystem, and (3) magnetic support of a superconductive body
under cryogenic conditions.

62-103 Speen, G.B.
PRESSURE ALD FLOW STUDIES OF AN EXPERMENTAL EXTER NALLY
1-PLESS-RIZED GAS LUBRICATED BEARING. ASLE Trans., vol. 5, no. 1,
pp+ 242-53. (April 1962).

This paper describes the results of -pressure distribution measure-
ments made with the combined thrust and journal bearing. The common
radius of the thrust and journal :iearings -was approximately 2.25
inches and a supply pressure of 1l9 lb/sq. in. was used for loads
between 10 and 75 lbs. It was found that greater thrust stiffnesses
could be obtAined with the integral design which also has a wider
range of stable operation.

62-104 Speen, G.B. and J.M. Grant.
OI-DIRECTIONAL SUPPORT OF SP -ES USING EXTERNVLLY PRESSURIZED
AS LBRICATED BEARING PADS. ASLE Trans., vol. 5, no. 2,

pp. 375-84. (November 1962),

The advantages of using a multiplicity of externally pressurized gas
lubricated thrust bearing pads to completely support a sphere are
discussed. The minimum number (six) of pads that can provide all-
axis, isc-1a5tic support must be arranged in three opposed pairs to
form a mutually orthogonal system. Analytical expressions for the
load capacity of such a system are given. It is proven that only
this type of support system (six pads or multiples thereof) can pro-
vide isoelastic support. An experimental apparatus, used to deter-
mine the operational properties of a six-pad spherical support system,
i5 described. Experimentai curves of sphere deflection vs. source
pressure for various loads are given anJ compared with theory.

-81-



62-105 Stanley, I.W.
AERODYNAMIC FILMS BETWEEN CARBON BRUSHES AND SLIP-RINGS.
Wear, vol. 5, no. 5, pp. 363-377. (September/October 1962).

Experiments have been made to determine the conditions under which
air films are formed between electrographite brushes and slip-rings.
It is shown that aerodynamic pressures both above and below atmos-
pheric can exist when the brush is inclined to the slip-ring at
angles between x10- 3 and 5xl0 - 2 rad. The pressure has a maximum
value at 7xlO 3 rad, which remains unchanged at loads and speeds up
tLo 1 kg and ,000 c.ec respectively. re aerodynamic pressure
may become large enough to support the load completely at loads be-
low 100 g; the brush then behaves approximately as predicted -by

- simple hydrodynamic theory. Heavy loads are only partly supported
by the air films and the pressures only agree with theory at angles
larger than about 9x0-3 . At smaller angles the pressures are very
much lower than those predicted and it is shown that the discrepancy
can be qualitatively explained when the influence of compressibilityof the air is taken into account. Various methods for reducing the

pressure beneath brushes are described. A porous brush grade reduces
the air pressure by 58%; holes and various combinations of slots in
the brush result in a maximum decrease of 91.

62-106 Stark, K W.
TH"-JE DESIGN -OF VARIOUS TYPES OF AIR BEARINGS FOR SIMLa'ING "
FRICTIONLE1SS ENVIRONMENTS. National Advisory Council for
Aeronautics. Report T.N.D.-10O, May 1962.

Aithough there is some justification for quoting coefficients of
friction for hydrodynamic bearings since both load and friction are
functions of speed, tha practice is confusing ir the case of hydro-
static bearings, since the friction tends to zero as the speed de-
creases. An example of this is given in this report in which a
coefficient of friction of 4.06 x 10-6 is uoted. After discussing
and analyzing the characteristics of var us types of externally
pressurized- gas bearings, the author describes two designs which
were built and tested but unfortunately no comparison with predicted
and experimental results is made. Only low supply pressures (i.e.
4 to 8 Pb/sQ in) were used and no attempt to allow for compressi-
bilitv effects was made.

62-107 Steele, ..
GAS LU1BRICAi--"D BEARINGS. U.- S. Patent 37058,785. (to joseph

Lucas Industries, Ltd.). Applied September 14, 1960. Issued
October 16, 1962. _Applied Great Britain September 21, 1959.

This nventian relates to air or other 2as lubric.ted bearings for
use with shafts which are intended to rotate at ver g- h speeds,
for example, '00,0 revolutions per minute. The bearing has a



hollow shaft with a wall thickness whi h is so chosen an relation to
the diameter of the sha-t anQ t aterial from which i t is madef
that when the shaft is static there is sufficient clearance to allow
the shaft to start rotating freely, and the clearance is reduced
with increasing angular velocit -owing to the radial exoansion of
the shaft due to centrifu a- zorces so that half-speed whirl will
not develop at angular velocities for which the b-earing is designed.

61-21 08 Ste Ia, R.
PE:ZFO.4AN-CE OF A GAS-BEARING Q)MPES&OR IN THE GENEIRAL ATOMIC
HTGR IN-PILE LOOP. Rotating Machinery for Gas-Cooled Reactor
Application, Proceedings, Oak Ridge National Laboratory,
Tennessee, April 2--, 1962. Report TID-7631. June 1962.
pp. 270-

Operation of parallel-connected compressors f-or. the UTOP in-pile
loop is described. During noral operation, only one compressor
is runm.ning: the second is an on-line spare. The compressors
operate at temperatures up to 6- 0- A total of three comressors
were purchased and loop res-ed. A gas bearing i; each compressor
'ailed. The operating history of each machine is ...cutsed and pre-

sented tabularly.

62-109 Sternlicht, Beno
G.AS REARING STATE OF iThE ART. Rotatle lachinerv for Gas-Cooled
Reactor Application, .Proceedings, Oak Ridge National Laboratory,
Tennessee, April 2--, 1962 Report TID-7631. June 1962.

pp. 34-60.

The state-of-the-art aDDraisal includes detailed examinations of gas-
lubricated bearing advantages and problem areas, te-minology defini-
tins, and bearing classification by mechanisms w.hic h generate load-
carrying capacity. Also included are design information on steady

state and dynamic performance, and a review of current knowledae
concerning steady state operations, dynamic operations, and materials.

62-110 te-n licht, Beno
ON STABILITY OF ROTOR- SMuPPR-TED BY GAS BEARINGS. Rotating
Machiner' for Gas-Cooled Reactor Application, Proceedings, Oak
Ridge National - a -b -orar Tennessee, April 2-4, 1 -52. Report
TID-7631. June 1962. p-p. 361-9.

Experimentalresults are presented for plain cylindrical and, axial
groove gas journal bearings and they are cmpared with the available
theory. These results represent several years or experimental work.
The measured initial disturbance and onset of half freauency whirl

(Plw) are reported for a variety of conditions. The effect of load,
mass, L/D, and clearance on te treshold of instability for plain



cylindrical journal bearings are shown and compared with theory.
The threshold of instability as a function of groove location,
number of grooves and orifices, etc. is also discussed. It is
reasonably well known that grooves reduce the hydrodynamic load-
carrying capacity. Theoretical analyses are included which give
load carrying capacity as a function of groove location.

62-111 Stevenson, 0.1H. and Lazar Licht.
£XPERLMENTAL DETER MI ATION OF STABILITY BOUNDARIES FOR AN
EXTRNALLY-PRESSFRIZED, GAS-LUMRICATED THRUST BEARING. Franklin
Institute Laboratories for Research and Development. Report
I-A204Q-I; flD-15340, February 1962. Contracts Nonr-2342(00)
and AT(30-1)-25925. AD-272 899.

Tests were made to determine the stability boundaries of a 5-inch
diameter thrust bearing having a recess diameter of one inch. Loads
uD to 600 lbs. were aDlied and the maximum value of the supDv
pressure was 100 lb./sq. in. Various recess depths from 0.0075
inch to 0.1 inch were used and the total throat area of the nozzles
supplying compressed air to the recess was varied from 0.876 x 10

-3

to 0.732 x 10-2 sq. in. It was found that a small recess volume,
a large throat area and a small supported load, generally tended to
increase the Stable region and that there was always a limitin-G
supply pressure bel-w which the bearing was stable for all th- loads
which it could support. In addition, it was found that the pressure
fluctuations accompanying the instabilities were transmitted upstream
beyond the nozzles supplying the recess when large throat areas were
used and there were indications that inertia fluid forces became sig-
nificant when the oscillations had a large amplitude.

62-112 Tang, 1.G. and W.A. Gross.
ANALYSIS AND DESIGN OF EXTERNALLY PRESSURIZED GAS BEARINGS.
ASLE Trans., vol. 5, no. I. pp. 261-84. (April 1962).

Equations for flow rate, pressure, load, and stiffness of externally
pressurized thrust an Journal bearings a!oe given for purely viscous,
isothermal gas films with longitudinal or radial flow and no relative
surface motion. Charts are presented by means of which the bearing
characteristics can be evaluated in terms of the bearing parameter,
the bearing configuration, and the ratio of supply to ambient pres-
sure. Sample characteristics of thrust and journal bearings are
estaaiished using the cnaves and exerimental confirmation shown. A
method of treating bearing films with two inlet-restricting orifices
in series is descrihe-d.



62-113 Thomas, 0.0.
NEWEST ON TE 1.ANILING HORIZON: UNIT LOADS .;IAT WALK ON AIR.
Modern Mater. Handl., ol. 17, no. 9, p-p. 72-75. (Sepmb-er 1962).

Now in the testig phase, the aif-film method of hand] ung is oroving
that ma can out-nerform a lift truck in short-hau! -n-dli. Proto-
type tests indicate handsome savings in dock and carrier operations.

62-114 Thomason, H.E.
SERVO LOOP DESIGN FOR AIR BEARING INERTLAL C1PONE1' S.-T S
NASA TN D-1190, Mav 1962

This report is a comprehensive discussion of the problems, both
analytical and practical, encountered in designing the electronics
for air bearing inertial components. The analytical problems are
treated both by classical and transform methods. Extensive use is
made of Laplace transformations, Nyquist and Bode analysis. Results
from these several methods are presented in the form of granhs and
plots where appropriate in the text. A functional discussion of the
various electronic subassemblies points out where the major mechan -
zation problems occur. These problems are treated in sequence as they
arise in the servo loop startina at the transducers and ending at the
tarquers. In each instance the desi-n considerations, including the

major problem areas and their oractical solutions, ate presented.

62-1:15 Tipei, Nicolae
11EORY OF 'LUBRICATION, edited by W.A. Gross. Stanford University
Press, Stanford, Calif., 1962. (Translation of 1957 Roumanian
edition).

Subjects covered include full range of hvdrodynaic lubrication
theory - dry friction, lubricants, and s-liding bearings. Rolling
element bearings are not covered. Sliding bearings are covered
very completely, most of the materia- representing origial work
by the author. Bearings with constant forces and velocities are
treated as two-dimensional problems (ininiel g bearings) and-
as three-dimensional problems (finite length bearings). Solutions
tor variable lubricant viscoity are considere i. detail. Also
treated are partaial te jou-rnal bearings, squeeze films film
stability under cyclic and, centrifugal loading, gas lubrications,
and turbulence. The auth-ors approach to every topic is mnahlv
analytical, and the forn-at -f biook is such as to wake it difficult
to select pertinent results for application. Liberal uSe IS made
of vector and tensor analysis any ideas and approaches should be
found helpful and useful by mathematically inclined researchers.

"Lta Sn n 7a2C : - -- Lae aDroxma!e. solUtions using power er ies may 0e tound usefUlror computer sobitions tot-earing pnrlms
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62-116 Tunstall, John
AIR BEARING--, PRECISION MACHINING PAGE BRITISH DESIGN CONEENCE.
Prod. Engng., vol. 33, no. 2, pp. 88-90. (January 22, 1962)4

Engineers at the National Engineering Lab in Scotland recently com-
pleted a prototype medium size vertical milling machine with compound
slideways mounted on automatically compensating hydrostatic air bear-
ings (pitch and azimuth). Effect of the compensation is to give the
table equivalent stiffness approaching 6 million ilb/in. Development
of hydrodynamic gas bearings is still slowed by lack of instability
data. It is said that cecent tests have established the vaii ty of
theories describing steadily loaded, bearings at high compressibility
numbers (around 6 to 12). Unstable loading conditions can now be
investigated using the new-found stability data as feedback. Several
applications of the hydrodynaic bearings are under study., including
a 400-spinidle textile machine, gyroscopes for missiles, and gas
circulators for nuclear power.

62-117 TuTru.;b!ade, R.C.
MIE DESIGN OF EXTER-- ALLY 1RESSL IZED CAS LUB- RICATED BEARINGS-

BY THE METHOD OF BEAING BWUIVALENCE. ASLE Trans., vol. 5,
no. 2, pp. 385-91. (N ovember 1962).

Bv considering the -eneral form of the streamlines between the 'ear-
ing surfaces of any externally pressuriz-ed bearing, it is possi! e
to derive the geometry of a rectangular bearing which has the sae
load support, clearance, area, source pressure entrance losses- and
mass flow a the- bearing undec study. After deriving the necessary
conditions for similarity, the author studies a combined thrust and
journal bearing for a shaft. The equivalent rectanoalar bearane
for the- thrust bearing is derived and its predicted steady state
characteristics are co-mipared with measured- ones obtained from the
actual bearing. Good agreement was obtained and in view of tIr
fact that the method provides approximate results for confi.rAa-
tions for which it would nor-ally be -- fficult to predict the per-
formance, the technique should -- of some value to dc-sign engineers.

62-118 Unterberg, W., JS. Ausman and G.K. Fischer.
INVESTIGATION OF ONDMENSING V.APOR LUCBRICaTED SELF-IACTING JOUNA
BER IUNGS. Rocketdyne Corp. Annual report for the period Octo-
ber 1, 1961 -Setember 30, 1962, Nov-eobher 30, 1962. Contract
Nonr-3617 (00).

The perating characteristics of condensi-ng-vapor, self-acling jour-
naL bearinas were investig ated analytically a 3d a steri bearing ex-
peri-4nt was initiated. er-ohyvdrodynz-iac considerations suggest
tbe;-= isotherial eafi'h~rium behavior of the lubricant. 'Lnearized-

ph' analvses are earr!ed out for an i-finite and a f bnite heat trais-
fe- -odel. For the Lfinite length, isothermal, full plain jounal -
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IMPROVa1ENT IN OR RElAING TIO M.RUST BEARINGS. British Patent
887,695., (to United Kingdom Atomic Energy Authority). Issued
January 214, 1962.

A gas lubricated thrust bearing is designed which is of simplified
construction. The bearing comprises two optically flat plates hav-
in on one plate a series of three or more radial feed grooves and

a series of are--shaped concentri.c viscosity grooves which terminate
before the next feed groove is reached.

6212 2 Whitley, Stanley, A.13. Bowill and P. McEwan.
- FI~ALF-SPEED WHIRL AINI LWAD CAPACITYV OF HYDR)vnK0YA1MIC GAS JOURN&L

BEAR~iNGS. Proc. Instn. Mech. grvo,16n.22
pp. 554--601o (1962).-

A phenomenological theorr )f t-he half-speed whirl of :!as bearings -is
developed; it predicts the existence of f'our modes of whirl which
depend variously on the mass and transverse inert,,ia of the bearing
and on the mass and transverse inertia of the s~iaft. All -,our modes
of whirl have been distingudished experimentally and related to each
other theoretic ally, From these measurements, it is shown that the
half-speed whirl properties of a plain bearing can be considerably
imiproved by cuttin-g an -axial slot in the bearing. Furthef improve-
inent, if required', can bE effected- by introducing an ovality into
the bearing or _rurtinz _ci- cumf-erentvial grooves in it, The intro-
ducti&.ni of these, anti-whirl Ievices, however, reduces the load
capacity, although measurements have shown thxe effect is not serious
except for the circumfeirehtially grooved bearig.

62-123- WhitleY, Stanley and L.G. Williams.
HP.INCIPLE-S OF GAS-wLUBRICATED SHAFT SEALS. J. Mech. Engng
Scii-, vol. 4, nio. 2i p. 177. (June 1962).

Fo ryes of gas lubricated seals for rotating shafts are described,
each based on a corresponding type of gas bearinig. These seals are
the hyd rodynamic disc seal (based on the spiral-groove Ithrust plate),
the hydrostatic disc seal (baspi on a hydros-tatic full1-fate thrust
platc), the hydrodynamic sleeve seal (based on a hydrodyn&x-ic full
journal bearing), and the hydrostti sleesa bse nahdo
static- Journal bearinq. Each seal consists of two Darts, a gas bear-
ing region and a gland region. The gas bearing region mv-st provide
a ga.8 film of the correct thickness betweent the seal surface, and
this film must be sufficiently stiff to prevent exceSsive vi-ration.
The gland ,egion, '-hic'h is t.he seal proper, must restritt the flow
of gas inoand out of the sealed systemn to a M~impum acceptable
standard. The theory of the eas bearing region of the seals is based
on standard gas bearing principles and Lhese have been sut~narized
into a forin suitable for seal application. The theory of the gland



region .4s that of gas flow between parallel surfaces and this is
described only in the Viscous flow regime. To clarify the pr-inci-

o~-cfthe seals, ex-aMDles -are given of the design of each ty~e
of seal for use on a 2--in. diameter- shaft operating at 900fv ray/mmn
with zero Pressure 1i -the sealed system.

62-124 Wierir, A. R. Lehma~nn and R. Rogal.
LHOYAND USE OF AI T ER~S PARTS 1 AN\-D 2 . INIG-LS IJEBER

THEORTE -UND ANWENDUNG VC-IN, '1LJFT1hAGERN. TELIT UN LD TElL 11I -i
German). 1M4aschizenbautechnik, vol. 10Q, no. 12, pp. 619-624.
(Deceniber 1963); vol. 11, no. 1. pp. 24-Z7. (January 1962).

The -general principles behind air bearings are described and charts
given t1o permit the estimatin of. lift and consumption of air for
flat plates. This allows (as an example) friction-free movement, of
heavy parts. A faully self-aligning knuckle joint is shown and also
thz replacement of a conical pivot by an air bearing. A small tur-
bine bear-inap taking-radi.al load and thrust, 20-mm diam, 125,000
rpm is illustratedi, though this vibrated in spite of every effort.

6 2-125 Wilsonip D.G.
AMERICAN NEWSLETTER. Chartered Mech. Engr., vol. 9, nu. -6,

pp. 3-36-333. -(June 19#52).

Fluid bearings arC: now being seriously considered in1 a variety of
applications. Perhaps -one of the less obvious ones makes use of
the greater accuracy of alignment and the inherent vibration damp-
ina characteristics of air bearings. These, in linear form, have
contributed to the success of General Dynamics electronically con-
trolled welding machine. This is capable of joining metals ,.own
to 0.003 in. thick. The quality of the-welds shows a greaL improve-
ment ovrer thojse obtained with the a~nventional roller-bearina mounted
carriage, mainly because the solidifying metal is not disturbd by
vibration and because of the greater accuracy of alignment of the
head. The bearing gaps used are from 00 n o001i.wd
with shop air supplied at 5 t%-) 5.5 p.s.i .g.- the cost of air for
supporting a load of 1L800 lb. for an eight-hour day is reckoned to
be less than a halfpenny, other air bearing applicati~ris planned
include the suvport of a large radio telescope.

62-126 Winn, L.W. and Beno Sternlicht.
THE LOAD CARRING CAPACITY AND STABILITY OF HYBRID GAS BEi.R-
DiGS. General Electric Co. Enieering Report Ir R62AT8,

March 11, i6

A Navy-supported theoretical and experimental investigation of in-
stabilities occurring in a roitor-bearing system, includiing critical
pneumatic hauumer is discussed. Results of testing performed on



externally n4-p rat. 1 Knd 0.5 are

described and Compared with analytically Calculated vz-ue 4 of Load
carryin~g capacity and system criticals. -An ar.~lyt-! _a1 tutbrd Df
-derermining fractional frequency whirl (destructive !orm of ista-
bility closely -elated- to hilf-frequency whirl of self-acting bear-
ings) is also given.

62-127 Wood, Nat
DRAMATIC AiPL BEARING IMPROVES WELDING 50%; FLOATS, hEAY
MACHINERY, CUSHIONS EXPLOSIVE FORMI7NG., Western ?Metaiworking,
vol. 20, no. 4, pp. 25-7,. (Apnil1 1962)

Aprecision friction-free air bearing is iuseed 1y General Di aics/
Astronautics engineers to move equipment tii carry- etraight Line
weldegr! to imnorove w2lding of extremel-y thin mateti'als; to stu'idr
weightlessness and as protective cush~ioning ir. forming 6eizatiovi,
The bearing resembles a simple platform. Pigna resCsture air is
f orced into a series of channels underneat4h.

6 2-128 Wunsch, H.L.
LUBRICkTION WITH .5IR.. _ o.35, no* 4. p, 14,52

.Air bearings are proving thelir value 113x a w-de rangc- of 'ac~ h Te r
special-properties have aided1- for xaDlthe hitdear pc'wez
engineer, the missile designer and the -ineasurir.* iustrument manUL.2C-
turerj and they shor muc-b promise for machine tool applicati-ons.
Their Fxinciples -and -pra~pects, advantages and _disa-dvantagea aL-f)
discussed.

62-129 Wunsch, H.L.
DESIGN AIND APPLICATIONS OF AIR BEAR!N6S, Engineering.
vol. 194~, no. 5030, pp. 345-8. (Septedbaer 14, 16Y

Tis paper describes the basic principles of the two types of aiA*r
bearings, self-act-Ing and externally-pressurized. The advautages
and disadvantages associated with the operation of self-acting
bearings are alao given.. There is a discussioii of,; the lead capac-ity
of these bea~ings and applications, such as for machaine tzol and
instruments, are described.
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62-130 Wunsch, H.L,

PROPERTIES AND APPLICATIONS OF EXTERNALLY PRES-u ZEM AIR BEAR-
INGS. Sci. Lub., Vo, 14, no. 4, pp. 23. (Ari! 1962).

this paper is a review of the two types of air bearings, self-acting,
and externally pressurize-3, with particulr emuphasis on the latter.
Advantages -and disadvantage6 -of externaliy pressurized air bearings
are listed. There is-a description of a test rig which may be used
to obtain praci-ical design data. The results of these tests are
suUMmai7ed in the fon-. c' f desIgn curves of bearing gap (or lift) and
against beaunl load, The effects of orifice pocket dimension,
supply pressure, and orifice diameter are shown, and conclusions as
to ultimate. load bearing capctcity and bearing stiffness are drawn.
A modif1i ation of the test rig, by the addition of a vibration
generator and a displacement pick-up, makes it possible to estimate
the beiavior of a bearing under dynamic loading.

62 -12 Yeh, T.F.
VISOUS TORQUE IN SPHERICAL GAS BEARINGS. J. Aerospace Sci.,
ol. .9, no. 2, pp. 160-1. (February 1962).

This paper shows -ow to calculate viscous torque in a spherical gas
bearing when the bearing eccentricity, e, is taken into account-

-'or a- hiii value _ohi eccentricity -- i.e., 0.5 -- the error
introduced by nq1Lecting the eccentricity effect is large, and

shp1d not be neglected. An expression for the percentage of this
error, which is introduced into the caleulati.cns by assuming that

the radial clearance, h=constant. is also given. A complete ex-
pression for viscou torque in n spherical bearing when the eccen-
tzi:izy i takan into consideration is given.
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6 3 -00 1 Alishaev,, M.G.
LC0MPRESSIBILITY OF THE LUBRICATING GATO LAYER. 0 SDA- ViANII
SMAZ0C1WOG0 SLOYA GAZA. (in Russian). Izv. Akad. VRauk SSR,
Otd. lekh. Nauk, Mekh. i Mashinostr., no.* 2, pp. 153-154.
-1arch-April. 1963).

The problem of pressure distribution in a layer of lubricating gas
is considered. The investigation is limited to steatiy-state con-
ditions in the gas film.

63-002 Angell, P.T.
IPZNDS IN SPACE POWER AND AINrICIPATEDM LUBRICATION NEEDS.
Paper bresented at the UJSAF Aerospace Fluids and Lubricants
Conference, Session 1. San Antonio, Texas,, April 16-19, 1963.

Th~e important characteriztics of representative turbopower systems
beitng developed to meet the increased needs 11or propulsive and
auxiliary power for future Space missions are described. Problems
An-drI a-Proa-2hes to lutbrItation of these svstems are discussed, The
working fluids use-d in both closed or open cycle power systems are
choserl on the basis of the -ower level and operating temperature
sought. Alkali mptals are preferable for higher temperature opera-
tion, but prolblems of heat tvansfer, corrosion. and structural
desIgn muet be scolvedl before systems u~sing these fluids are avail-
able. Mercury is used at lower operating-temperatures, and hydro-
gen-c&Xygen mixtures for shorter-time open-cycle applications. The
-equirements placed on the bearings and lubricants bv closed-cvcle
systems are deter-mined by considering the pressures -and tempera-
tureS associated with the operating cycle. The Rankine operating
cycle operates with a fluid in the temperature range where there
is a liquid-vapor -phase change, whereas the Brayton cycle operates
with the fluid entirelv in the vapor or gas phase. The use of the
working fluid as the lubricanti desirable to eliminlate seals and
lubricate the-bearings within the system pressure anid temperature

zage. This conrceit dictcates thie use of fl.uid fiLm bearingrs, and
3lthough some operatig and application problems rem~ain, the suc-
cess demon srated by the SNAV P I/SPVD 2500 hr test and repeated
evduranca tests of the Sunflowar turbomachine shou-s that there are
uo fun-damental ptlesthat will prievent acievement of a one-year

63-003 A non ymou s
LUBRICA-TING VI'TU G&S. Chem. Week, vol. 92, no. 17, pp. 614-66.

(Apri 27, 1963).

Clarkc Bros. Co-. (Olean, N.Y.), d~ivision of Dresser Industries, Inc.,
is designing what it says is the first prime mover to use gas-
lubricated 10earings. The unit, part of a project to develop compact
power conversion equipment for mobile U.S. Army nuclear power plants,



includes a gas turbine and centrifugal compressor-equipment opera-
ting in many PI plants. 'I ; unit, like the water-l ubricaed com-
pressors for oxygen service developed by Elliott Co., division of
Carrier Corp., is aimed at preventince oil leakage into the process
stream. In the mobile nuclear power plant, hot nitrogen is used as
the working fluid that expands in the turbine and provides energy to
drive compressor and load. However, in an emergency, Clark says,
the turbine-compressor set could operate on air, rather than nitro-
gen. In the turbine-compressor system, nitrogen is compressed from
9 to 24 atmospheres. It then passes through a recuperator where it
picks up heat from the turbine exhaust. (Final unit in the experi-
mental system is an oil-fired heater that simulates nuclear reactor
heat). The system is designed to generate more than 600 hp., yet
will weigh less than 1 ton.

63-004 Anonymous.
GAS BEARING TUR BINE FLOWMETER. Engineer, vol. 216, no. 5631,
u. 1073. (December 27, 1963).

The turbine is supported by gas bearings and these are normally sup-
plied with the same gas as that being metered in order to avoid con-
tamination; the flow requirement of the bearings is less than 0.5;L
of the maximum metered flow. Typical operating pressures are up to
400 lb./ sq. in. gauge and temp.-ratures up to 3000C. The lower limit
of operating temperature is aefined by the liquefaction temperature
of the fluid being metered. The floW.leter is produced in standard
sizes of 1 in. and 2 in. bore dimensions, and can be supplied with
turbine angles of 150, 200, 300, 450, and 600, to match the appro-
priate flow rate. The turbines are interchangeable and the flow-
meters can be suDDlied with two or more turbines. Overall accuracy
of the flo-meter is claimed to be normally better than Ir of the
rated maximum flow, when operated with a digital counter.

63-005 Anonymous.
LOAD 'FLOATSt INTO VAN ON LOW AIR PRESSURE. Steel, vol. 152,
no. 12, D. 81. (March 25, 1963).

Nearly frictionless movement of loads into and out of a van type
trailer has been demonstrated by Clark Equipment Co., Buchanan, Mich.
The load floats on low pressure air. Without additional equipment,
one man can unload or load the contents of a 20 ton capacity trailer.
The floor of the trailer and the loading dock area are plenum cham-
bers that carry low pressure air. Bafl valves hold the air within
the chamber; when they are depressed slightly by the palletized load,
they allow the air to escape in a thin film, lifting the load from
direct contact. While the van is moving over the road, the air is
shut off, and the loads rest on the floor and show no tendency to
skid. The unit, called Load Glide Air-In-Floor, is a further de-

velopment of an air supported load system announced last May.
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63-00fi Anonymous.LAIRA Cnonos iONS AS W.NVEYING MFANS 1 LTTISSEN ALS FOERDEMITTEL.

(in German). Werkstatt u Betrieb, vol. 96, no. 10, p. 778.
(October 1963).

A pallet with stacked goods is lifted by compressed air just suffi-
ciently to eliminate adhesive friction with the floor so that the
load can be readily moved by hand into any desired direction. The
compressed air flows from special valves when the pallet slides over
them, exerting pressure upon them. The pressure required depends on
the weight of the load and the type of floor surface and is, as a
rule, between 0.28 and 2.1 kg/cm. This new device is called "Load
Glide" and is available from Clark Equipment Co.

63-007 Anonymous.
TABLE FLOATS ON AIR BEARINfS WHILE TESTING OAO CONLROLS.*
Mach-.Design, vol. 35, no. 11, p. 10. (May 9, 1963),

Stabilization and control system for the Orbiting Astronomical Ob-
servatory has started a test progrt mounted on a unique air bear-
ing table which weighs 5208 lbs. and is sensitive to 0.07 oz-in.
of unbalanced torque about any axis. The table sits upon a bear-
ing which floats in a socket through which compressed air is forced
at 26 psi, providing a 0.0001-in. air film support.

* 0.O stands for Orbiting Astronomical Observatory (NASA satellite)

schseduled to be launched in 1965.

63-008 Ausman, J.S.
LINEARIZED PH STABILITY THEORY FOR TRANSLATIORY HAILF-SPEED WHIRL
OF LONG, SELF-ACTING GAS LUBEICATED JOURNAL BEARINGS. Trans,
ASME (J. Basic Engng.), vol. 85 D, no. 4, pp. 611-19.
(December 1963).

The linearized pH approximation to the time-dependent Reynolds equa-
tion is solved simultaneously with the equations of motion for a
rotating journal shaft supported by a rigidly mounted bearing sleeve.
Given the two bearing parameters

and A'1 t pt-DL

a critical operating eccentricity ratio is determined below which
the bearing is unstable and above which the bearing is stable.
Whirl frequency of the threshold point is computed to be equal to
or slightly less than one-half rotor speed.
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6 3 -009 Ausman, J.S.
GAMS LUBRICAED 1B1EARUNGCS. International _jvmposium on Lubrica-
tion and WwearProceemngs, Houston, June 1963. Nt rutch a

Publishing Corp., Berkeley,Ca-lif., 1965. pp. F25-53.

Analvsis of gvas-lubricated bearingas using the non--l inear Reyniolds
cuation is examined. Methods of obItaining approximate solutions
are discussed. Results are presented in rorm-s intended to illus-
trate the fundamental nature and behavior of gas 'Iuhricar ion.
Typical design curves ar g Mg sgie n saiiypolm

are discussed.

63-10 Barlow, Edward
EXTERNALLY n;&.-SS IJRIZED, K'XISYNM-ETIICL FOIL BEARINGS. Ampex
Corporation. Research and iEnineering Publication RR 63-4.
April 1963. Navy conttract Nonr-3815(O0).

An externally~ pressurized axisv--etrirM' Foil b earn wa ana'lyzed
in order to obtain tequalitative eC-fct. of side leakaa-e in a

On o -t-wo circuminreren'tial paressure sucs
svuneticaly laced, were used. in the analysis, bnigsrzrr-

ness ofz: the foil was included and was found to be nxot na 1 ig-ilble.
Cures were obtained wich show the effetcts of th-Ie varrious physi-
cal parameters on. the gap profi-Ale.

6 3 -0,11 Bennett, E.C.
FOR A NCERLOOP: GAS BRAPTINOS. Mech. ES.gng., vol. 835,
pp. 26-9. Jn 1963)0.

The develop-ment-L of gas-lubricated bearings for the gas circulators
inP thle coolanit system or the DR reactor at'- Ha 4ro is des-bel
The loop is desizsned to -prate at a nominal pressure ofl 2U00 psjg.
Either helium or nitrogen may be used as a coolanT-t, with flows up

to 450 l1b. Der hour of- helium or 20-0 lb. per hour of nitrogen.
Temperatures at idiffferent points in the loop vary widely.

6 -012- Brown BoveriL
DES1I FEATURES -AND TEST RESURLTS OF TH E MIIAIN ICL~ul FOP.i
MhE U"''-GD RE=O.O.M.oD HihT erat"ue I eactor PrIG_

ject. Dragon Pioj-ect Report 217. Octob-er '1963.

The main coolant air-c-jrc-usators are t'otallyV encl osed imWwo,

szel acig (hdovnnc s-1 lbricated Dear -cs desiZne to
operate witht very Du-r e h-"- w&' les th1an D~ PM or n2 H koG-
and C-, at -ressure- between 83 and 2 kg/z "a temneratuires
between ambient- an- The'C" soeco- ranaiA .. CLW9'

-4 __. Ial I
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The bearings are made of nitrided steel. The design of the entire
system is discussed, as well as experimental tests and results.
During the tests, the journal bearings were run at high temperatures
and under certain conditions there were temnerature differences of
up to 70%C between one end and the other of the impeller side bear-
ing. Starting and stopping was carried out without any ill effects

at a temperature difference of at least 10&OC in the bearings. There
were no noticeable effects on the bearings due to aerodynamic forces
on the impeller and magnetic forces of the motor at full poWer.
During the testing there were some bearing failures. Thrust bearing
instability caused by insufficient thrust was blamed for most of
these. A contactlesa touch-indicator was developed which shows the
slightest metallic contact and can be used for occasional checkina
of the bearings during the life of the reactor.

(Note: With sli~ht additions this paper is also published in:
OTATING MACHINERY FOR GAS-COOLED REACTOR APPLICATION, i.OCEDLNCS

OF MEETING, Gatlinburg, Tennessee, November 4-6, 1963. Sponsored
by Oak Ridge National Laboratory, May 1964. TID-7690. pp. 189-206.
The addition consists of a 500-word historical description of the
"Development of Gas-Lubricated Bearings" during a ten-year period
(1953-1953) at the LrKAEE.)

63-013 Browts, L.T.
GAS LUBRICATED BEAURING SYS-1EM. U. S. Patent 3 107 1219.
Applied February 13, 1962. Issued October 15, 1963.

This invention relates to a gas lubricated blearing system which hasa transitional operation in both the hydrodynm-ic and hydrostatic

modes. The invention comrises a hydrodynmic wedge-type bearing
in which a bearing has formed on its internal circimference at least
one inter-nal longitudinal step portion and has a journal member
mounted for rotation therein with a mechanical clearance therefrom.
A source of pressurized gas is provided with a porous metal outlet
for the gas, coplanar with the inner surface of the bearina, and
substantially coext+ensive im length with the bearing. A transduc-
ui. means is mounted on the bearing s- ch monitors the displace-
ment of the journal from its normal hyd-rody-nnmic operating position
a-a is operable to initiate gas flow from the source of pressurizec
gas to the outlet wnenever additional lubricatig gas is required
to support tbe jcurnai.

6u 33y -. Z 0.lnd -5 Langlois.

E-1uAioNS OF MOTION F-OR T BHE AIR-LUBRICATE FLEMBLE DISC.
internationai Business Machines Co ., Report Rj-233,
Jasuary 7, 1963. Contract Nlr3448(00).

Etuations are form-ulated for the motion of a spinnlng elastic disc
over an air bearing. Some arproxiation methods ar indicated,

but no del4aied 3o1utlons are carlred % out.
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generally have the feature of being able to functionn, only one
direction of the passage of atir. The present invention has as
its object to remedy this disadvantage by allowing pulverization
of oil in the air, watever the direction of passage of the fluid,
The invention relates to a symetrically operating air lubricator
characterised by the feature that it comprises: a main channel
interposed by its ends in the piping for the air to be lubricated,
a branch channel opening at its ends into two points of the main
channel, a pressure chambar interposed in the branch channel and
having a larger cross-section than the latter and a receptacle
which contains a supply of liquid lubricant and is connected to
the pressure chamber for delivering the lubricant to a distributing
device, leading it to the main piping.

6-3I8 Constantinescu, V-N,.
EFFECT OF M rjOD OF VARYiNG LUBRICAUNC FIIM THICKNESS ON

OPERATING (2ILXACTMISTICS OF GAS LUBRICT ED BEARIN- ].
VLIYNIESPh)SOBA IMENENIYA LLHCINY SMIZO(2NO SLXIYA NA

1U{MEARArISTIKI RABOTY -ODSHIPNIMV S GAZOVOI MAZKOI. (in

Russian). Rev. Mecan. App!L, vol. 8 no. 1, pp. 47-57. (1963).

The author compares the operating characteristics of t--. principal
design typesof thrust gas bearings. These are evaluated in terms
of their optimtm performance at various speeds.

63-719 Constantinescu, V d.
TEJRY OF T .MBULENT LUBRICATION. International Syposiu.m on
Lubrication and Wear, Proceedings, Houston, June 1963.
MNCutchan Publishing Corp., Berkeley, Calif. 1965. pp. 159-205.

Operating characteristics of gas-lubricated bearings i'n both the
steady and unsteady turbulent regimes are discussed. One section
of this paper, _presents the basic element_s of a theory of turbulent
lubrication based on the concept of mixing lengtht.

63-020 Constantinescu, V.N.
SOME APROXIM TE METHODS FOR 4CACULATaIG GAS LL'BRICATED JO-1RAL
BEARINGS. (n English). Rev. MNcan. AD.D!, vol. 8, no. 2,
pp. 325-345. (1963).

With a slightlv changed title this articl. was a-so presented in
Trans. ASME (J. Basic Engug.), vol. 85 D, no. 3,p. 4 5-7.
(September 1963). (See no. 63-021)
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thrust bearing feato:res is outlined. The problems of thrust
runners are briefly treated. Operation of pivoted pad journal
bearings is examined. The pivoted pad bearing is not safe for
starting under load without pressurization, as is the full journal
bearing. Opration of thrust bearings is also examined. Align-
ment, fluid flow, and attitude angle are briefly reviewed.

63-024 Dimoff, T. and B.F. Payne.
APPLICATION OF AIR BEARINGS TO AN ELECTODYNAMIC VIBRATION
STANDARD. J. P.es., Nat. Bur. Stand., (Engng. Instrum.),
vol. 67 C, no. 4, pp. 327-33. (October - December 1963).

In an attempt to eliminate unwanted resonance. and transverse
motions in an electrodynamic exciter used as a vibration standard,
the mechanical suspension-guide for the moving element was re-
placed with air bearings. The transverse motions of this exciter
showed a distinct improvement over the transverse motions of the
exciters with flexure plate and tensioned wire supports. The
improved stability of the moving element of the air-bearing ex-
cite-, made it possible to calibrate this exciter easily by an
inte:rferometer method. Agreement between zhree methods of ca!--
bration, reciprocity, interferometer, and optical ta-get,was v-_ry
good. The results of calibrations of two typeq of pickups on
this modified standard are presented.

63-025 Dyer, R.F.
NEUTRON TIME-OF-FLIGHT SPECTROMETER DRIVE UNITS.: United
Kingdom Atomic Energy Authority. Research Group Report R 42142
1963.

Difficulties were experienced with the original design of drive
units and this was mainly centered around the gas lubricated
journal bearings. Investigation showed that the design of the
bearing was fundamentally wrong, because for maximum strength
against dis-placement and torque the feed hole was too large,
ratio of bearing length to diameter was too low, bearing was not
self-aligning and the radial gap between shaft and journal was
too large. A detailed description is given of the modifications
incorporated in the bearing and mounting design, followed by per-
form.ance figures for the new bearings showing their superiority
over the original design.

63-026 Elrod, Jr., H.C.
THE THEORY OF PULSATING FLOW IN CONICAL NOZZLES. Trans. ASME,
(J. Appl. Mech.), vol. 30 E, no. 1, pp. 1-6. (March 1963).

A knowledge of the dynamic characteristics of nozzles and orifices

-10-



is ±ipori-ant in many control and stability analyses of engineering
de--°ices. It is usual to assum~e that the instantariecus flowrate,

for R giver, set of inlet conditions and outlet pressure, is the
same as the nontransient value for the same operating conditions.
Recently, in connection with the stability analysis of an externally
pressurized thrust bearing, the validity of this assumption was
questioned. The analysis presented in this paper was undertaken to
provide an answer. The present analysis applies to any fluid,
liquid or gas flowing into a simple conical nozzle. Tbe amplitude
and phase of the mass-flux response te a sinusoidally time-varying
pressure fluctuation at the nozzle exit are determined, An approxi-
mate formula is given for these quantities in terms of the nozzle
throat area, che solid angle subtended by the cone, the velocity of
the fluid at the nozzle throat, the acoustic velocity at the throaz,
and the frequency of the p-essure fluctuation.

63-027 Eusepi, M.W.
EXPERIMENTS ON A PARTIAL ARC SELF-ACTING GAS JOURNAL BEARING.
Mechanical Technology Inc. Technical Report, November 1963.
Contract Nonr-3730(00).

Operational characteristics of a rotor when supported on self-act-
ing gas lubricated journal bearings are reported. Experimental
results for the evaluation of several parametric changes are noted.
Some of these parameters included in the investigation are elevated
ambient pressure up to 500 psig., clearance ratio, length-to-di-me-
ter ratio, bearing load, and bearing orientation.

63-028 Fox, G.R.
HYDROSTATIC BEARING. U. S. Patent 3,110,527. Applied October
29, 1959. Issued November 12, 1963.

This invention relates to externally pressurized gas lubricated
bearings having inherent stiffness to respond quickly to changes
in load. It also provides means for increased lubricant flow at
increased bearing loads. The invention, briefly stated, is directed
to an externally pressurized bearing including a journal, a bearing
surface enveloping the journal, a plurality of passages connecting
a plurality of openings in the bearing surface to a source of fluid
and valve means associated with the passages for controlling the
flow of fluid through the passages in response to changes in bear-
ing loads. By incorporating special devices and structures in the
bearing, fluids which may not possess what are commonly considered
good lubricating characteristics may be employed. Mhe use of cer-
tain fluids such as gases is often dictated by high temperature,
high radiation environments, and by the need for a lubricant having
inherent low friction characteristics or by the need for non-
contaminating properties.
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VJ-IL7 Fricker, t.
THE CHOICE OF GAS BEARING MALTRIALS. O.E.C.D. High Temperature
Reactor Project. Dragon ProJect Report 208, August 1963.

The influence of material properties on the performance of gas bear-
ings in the fully gas-borne state and during stopping and starting
were investigated. Metals, ceramics, cermets, and plastice were
analyzed for possible applications in gas bearings, as well as for
the effect of various surface treatments on the performance of these
materials, it is suggested that good rubbing materialE be adapted
for use in gas bearingS. The two most promising materials investi-
gated were PTFE compounds and carbons or graphites. The latter have
the advantage of higher temperature resistance and are little af-
fected by atomic irradiation. Another possible development, which
is suggested for more investigation, is the use of dry lubricant
films, such as graphite, MoS2, and PTFE. For low temperature and
short time applications, films of liquid lubricants might cure un-
suecessful material combinations. A combination like tungsten
carbide-GY132, properly cooled, would stand an uuusual amount of
overloading or underspeeding if used in a gas bearing, and its
reliability would be similar to a good oil lubricated bearing.

63-030 Gross, W.A.
GAS BEARINGS: A SURVEY. War vol. 6, no. 6, pp. 423- 443.
November/December 1963.

Previously (Internat. Sci. Technol., January 1963) the author has
approached the subject in more general terms. In the present sur-
vey he addresses himself to the specialist. A gas can lubricate
bearing surfaces just as a liquid can, but the unit loads that a
gas film can support are much lower because the viscosity of the
gas is several orders of magnitude lower than that of a liquid
lubricant. Since low viscosity means low friction, bearings run
on gas can move at tremendous speeds without overheating. Like
liquid lubrication theory, gas lubrication theory is well developed;
however, only recently have we had adequate mathematical tools and
adequate experimental facilities for verifying it. Gas lubricants
are used in three basic bearing types: self-acting, externally
pressurized and squeeze-film. They are being applied in a variety
of machines, from inertial guidance gyros to computei memory sys-
tems. Once the dynamic properties are more completely evaluated,
gas film lubrication will be even more widely applied.
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63-031. Gross, .A.
EXTERNALLY PRESSUR IZED BEARING TRICATION. i te rational
Symposium-on Lubrication and Wear Proceedings, Ir-ston, June
1963. Mc Cutchan Publishing Corp., Houston, 196-5. 309421

Fundamentals of externally pressurized bearings are discussed, empha-
sizing the significant parameters. Limitations and compIications
in-volved af-e examined. The eibodientse of externally pressurized
bearings, and the specific design of 5uch hearings are discussed.
Special cases such as squeeze-fiim bearings and foil bearings are
also treated.

Note: Two letters offer some constructive criticism on this article
in the May 1963 issue of the saMe journal.

63-032 Gross, W.A.
GIS UBT!- : MEBbBAPI&GS. Naval £rgrs' j., voi. no. 4,

... c ?'. .. .. . no 4

pp. 737-43. October 1963).

This paper contains a description of gas bearings, and concentrates
on the properties of steady gas lubricating films and on the dy-
namics of gas bearing systems. Types of films, bearings, configura-
tions, and shapes are described. Operating cond 4 tions and environ-
mental and material problems ate discussed which bracket the region
in w1ich the properties of gas lubricating films need to be under-
stood. Theoretical solutions for unsteady oas lubricating films
are described and their use with bearing systems discussed.

63-033 Grossman, 2.L.
APPLICATION OF FLOW AND STABILITY THEORY TO THE DESIGN OF
EXTERNALLY PRESSR-IZED SPHERIC.1L GAS BEARINGS. Trans. ASME

(J. Basic Engng.), vol. 85 D, no. 41; p. 495-502. (Decewber 1963).

Tihe first .ortion of the paper, defining the gas flow throulgh. exter-
nally pressurized spherical gas bearings, follows very closely the
analyses and steps of the paper by Laub and Norton, except that a
recess is cut into the socket, and the bearing and the socket are of
the same radius. Next a relation for critical deDth assuring sta-
bility is established folowing the procedure of Licht and others.
Calculations giving a set of design curves to optimize the des-ign
of spherical bearings are indicated. Design of three Cases, 6-in.,
10-in., and 22-in. diam. air. bearings, has been considered. are-
fully desined experiments have been conducted in 6-in. and 10-in
bearings for verification of the flow and stabilift y criteria. From
the experimental results, area correction factors are suggested to
modify the analytical equations.
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63-034 Gunter, Jr., E.J,, V. Castelli and D.D. Fuller.
TWEOREaT!CAL AND EXPET1ENZAL INVESTIGATION OF GAS-.LtBRICATED,
PIVOTED-PAD JOURNAL BEARINGS. ASLE Trans., vol. 6, no. 4,
pp. 346-357. (October 1963).

This paper presents some of the theoretical predictions and experi-

mental results for the steady-state characteristics of a gas-
lubricated, pivoted-pad journal bearing of finite length. An
analytical expression for the prediction of load-carrying capacity
for these bearings is developed from numerical computer solutions.
Sample calculations are presented to shou how the theoretical data
may be utilized in the design of an actual pivoted-pad bearing.
Improvements over previous approximate theories are discussed.

63-035 Gunter, Jr., E.J.,and D.D. Fuller.
RECNT PROGRESS ON ThE DEVELOPMENT OF GAS-LUBRICATED BEARINGS
FOR H4IGH SPEED ROTATING MM2{INERY. USA? Aerospace Fluids and
Lubricants Conference, Proceedings, San Antonio, Texas,
Aprii 16-19, 1963. pp. 487-508.

Problems that may be encountered when high-speed rotors are
operated on gas lubricated bearings are reviewed. Although cer-
tain of these difficulties are peculiar to the type of bearing
that is used, all gas lubricated bearings have common characteris-
tics of low damping and relatively low spring rates. T1he influ-
ence of gas lubricated bearings on balance requirements, critical
rotor speeds, and the susceptibility of the rotor system to exter-
nal excitation, especially when near a critical speed, is dis-
cussed. The tilting-pad journal bearing shows much promise for
high-speed rotor applications and a comparison between theoretical
and experimental performance is given for load-carrying capacity
and optimum pivot position. The agreement between measured and
predicted values of film thickness was good.

63-036 Gunter, Jr., E.J., J.G. Hinkle and D.D. Fuller
ThE APPLICATION OF GAS-LUBRICATED BEARINGS TO HIGH-SPEED,
ThB-N.41CHINEY. Franklin Institute Laboratories. Quarterly
Teehnical Report Q-A2392-3-8 December 1, 1962 to February
28, 1963. February 1963. TID-18924 .

Studies were made on the design and analysis of both self-acting and
externally-pressurized gas-lubricated bearings. A review of the
theoretical and experimental work performed on a self-acting, gas
bearin4 rotor is presented. A four-inch diameter rotor- was tested
at speeds up to 20,000 rpm. Hydrodynamic film thickness measure-
ments of the self-acting pivoted shoes were obtained for several
conditions of shoe load aand various zquivalent pivot positions at
design speed of 18,000 rpm. An observation of apparent half-fre-
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quency whirl instability is presented and discussed. Preliminary
test data are shown for tests performed with the small aspect
ratio self-acting shoes, L/B = 1.0, which were externally-pressur-
ized at the pivot location during start-up and at low rotational
sneecs. A discussion of the advantages of this type of bearing
arrangement is given.

63-037 Hall, J. and R. Spies.
DETERMINATION OF WORKING FLUID LUBRICATION CAPABILITY IN JOURNAL
BEARINGS, PART II. Rocketdvne. Technical documentary report
ASD-TDR-62-640, Part II, May 1963. AF contract AF 33(616)-8328.

Gas bearings are used in the test equipment employed in this pro-
gram. In the general purpose test rig, the radial support for the
test shaft is provided by two externally pressurized inert gas
bearings. The endurance test riR uses a similar drive turbine and
externally pressurized gas support bearings. Several water lubri-
cated test bearing' have been run in this rig using a rotor support

bearing incorporating the thrust and radial gas bearings in one
piece. The basic characteristics of the test equipment are dis-
cussed in detail in ASD-TDR-62-640.

63-038 Jaffrey, W.G. and G.M. Boxall.
THE SUPPORT OF ThIN STEEL STRIP ON AIR CUSHIONS. j. Iron Steel

Inst., vol. 201, pt. 5, pp. 401-408. (May 1963).

The support of thin steel strin on air cushion bearings offers
excitinrg possibilities for novel and compact forms of strip pro-
cessing plants. The potential advantages are great in that the
strip need not be under high tensior and its surface will nut be

marked by contact with rolls. A form of bearing whereby strip is

supported on a cushion of air retained by annular jets has been
developed and found to be both practical and economical. A
labyrinth form of looping tower is described, and a full scale
pilot plant handling 36 -in. wide strip has been constructed.
Equations for the performance of air cushion bearings have been
derived and compared with experimental results.

63-039 Kao, H.C.
T hZORY OF SEL--ACTIXG, ;S- ICAT-_D BERINGS WIMh HEAT TRANS-
FER. ThROUGH SURFACEST....S (J. Basis Enna.), vol.
85 D, no. 2, pp. 324-8. (June 1963).

: S= made of the continuity, Navier-Stokes, energy, and state
equations to develop the iflferential equations for gas lubrica-
tion problems. Heat transfer through the surface is allowed. The
first approximation, not surpristngly, gives the Harrison equation
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which is usually obtained by assuming the isothermal process. The
error introduced by this assumption is shown up tn the second
approximation, when the isothermal condition is dropped. Under
normal operational condition, this error is small enough to be neg-
lected. However, the main purpose of developing the second approxi-
mation is to allow heat transfer through the surfaces such that the
load capacity can be increased. Two curves of the pressure distri-
bution for the infinitely long inclined plane slider bearing at
various bearing numbers are plotted to show the effect of a tempera-
ture difference compared with the isothermal case given by Harrison's
equation. These results suggest that merely by increasing the tem-

perature difference between the surfaces, the load capacity of a
self-acting, gas-lubricated bearing can be considerably increased.

63-040 Krementulo, V.V.
[SOME -PROBLZEMS IN -31E MOfTION AND STABILITY OF A S iPHERI l- GYRO-

SCOPE 1. NEKOTORYE VOPROSY DVIZHENIYA i USTOICEIVOSTI S-HAROVOGO
GIROSKOPA. (in Russian). Izv. Akad. Nauk SSS. Otd. Te -
Mekh. i Mashinostr., no. 2, pp. _120-125. (March-April 1963).

Various approaches are suggested for studying the motion and stability
ofP a spherical gyroscope held in suspension by a thin fim of gas (air

cushion). The suhere of such a avroscope can move within its casing _

as a result of the force of gravity in addition to the forces generated
by the air support and by the stator. Since the ball, while in the
casing hollow, can move trans!ationailv in any direction and can rotate
around any axis that passes through its center of gravity, it must be

examined as a mechanical system with six degrees of freedom. It is
proposed to model the effect 0z the suspension on the ball by means O1
the elastic forces of springs. Using this model, the motion and sta-
biAity of the ball are investigated in detail.

63-041 Ku, P.M., editor.
U.b.A.F. AZROSPACE FLUIDS AND LITRICANF CONFERENCE. PROCa---
iNGS, San Antonio, Texas, April 16-19, 1963. Setem-_ 1963.

AF contract AF 33(657)-1088.

The purpose of this conference was to present unclassified r -ult
of Air Force internal and contractual research and dei opment
proraws In Er-e broad field of aerospace fluids and iubriants, a-s
-well as selected applicab-le topics from other goverent agencies
and industry. S sli- ni-c CO eat turbine lubricants,soli

film lubricants, aerospace lubtricans, t reases Sc advancedt ase
stocks- iuuid metal lubrication, gas bearings, aerospace cearrigs,
and bearing fatigue; liqua met.. s, heat transfer and hvdrauic
fluids. Fifty-eight t e c n apers were Dresen ted. --nese papers
range n sce from b-roadfligt lubrication requireents to where
fluid samles should be sent for evaluation, and from operational .
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rx Ite *toauations of- XNavier-S-:;tokes st a io v onn t1urbu 'I a
flow in narrow clearances was investicgated EF. rzectilinear -parallel
flow and for diverging and converging radial flow. Beies! h

corresponding tequations for turbuL'lent flow were established. In
order to simplify further studieis, -three kinos of bearing surf"ace
elemenits were introduced, which were suffficient C-or the calcula-
tion of the various bre-imgs. A bearinea surface element consists
of an inlet orifice, a chamber, and tEhe correspond-3"ig Dart of the
bearing clearance. Fomua wer die for the calculation of
tChe connections between, the individual param-eters in -the bearing
surface elements.

63-0-44 Lemon, T.R.
DYNAMICS4 OF GAS-LU3RICATSD1, PLAIN JOUR)A BEARING-S. Dissert.
Atst., vol. 23j, no.* 10, pp. 38'i5-6. (Ap-ril 1963).

An -express-1r ion z isevelope whch, -eci in detail the ;dyniamic

perorane Of the fluid fim Lierodinary dittrnta euua-
tnons, f-or the loadsc on: the shaft o a iourn-al heariro dzue to the
fluid filmn, have beCen derived directly fzrom the Revnol-1s equatio.

Several simplifyvingq ats=t-tions concer-ning tb-a mechanical configu;ra-
tion of a 4jrn1=I hrigsse haebnvrfedtroughL thep

exosrimnntal program Also, it- has been possible to separate exoera-
mertally t-he mo-des or vibration, to find tchniqeues -of balancing, a

tosiplf tehicues fror coll'ectin- data The load expressions,
when; included in the ecuat ions of motion or te S--p' 1 fied systema,
are shown to -desclrLbe LUC half frequjency whirlj andf t-c lowest reso-
nant whirl phenomena. 'Me dyWnaMic predictions from an; antalokc coRm-
puter stdy of the conaftions of motion closztiv resem ib le those obp-
tained in testing. The rsligecuations of motion are OfP a
nrigher order tian purevious-ly astr=ed ecuat ions, frut they are still
linear and4 in re-ality present lit-tle additional cmnpleity.

6 3-345 LwsPJW.Lun--d and S.F. Murray.
RESEARCH ON GAS.' LUPIATO4 AT HIGH TENPERUA7TURE AM LC-

BlOW RATES. Nechan-ical Techn0ooiy Inc. Report Mfl_6 3WS
June 18, 1963. APcontract AF 33(657)164
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analyically. Tahe bearing is sup-plid with'rsuie j ~og
orifices in the centerulane whilch is approximate by a Line source.
The gas film equation, Reynolds' equation, iSo solved by the linear-
ized Ph-method including the hyd-r o static pressure effect and u se d
t-o generate t-he coefficients for the deemntOfo the threshold.,
of instability31. Th1e e-quation are solved tbV n'tmrical inttearton
The results for th.reshold speed and r requen.cy are.i-.-Pth 0 r

of grauhs. iComparison with. -ex-erim-ental data sho;;s cvualitative
agreeme-nt but quana1 .~z -- -ttatwel1v there r repncies otl as much as
12:1. This is b0eltsevedtA be caused b-v too sim-le an orifice repre-
senltatLion whereas the gas film in itEself shLould be correctly trleated.
A method for correction isD discussed.-L

63-049 McCann, R.
STABILITYf OF UNLO"IADE C-AS LUBRICMnai READING Tr, ns ACM!E
Basic Enaneg.). Vol. 855 5, no. *, pp- 513-18. (veepmber 1-963).

Thi12s paper deals with a perfectly cylindrical, self-acting, s
lu ri;ated, and unloaded -journal hearise. Grqlete stabilit

criteria for the translatilonal mode of oscillation arer
and a method is aiven by which: th liae tbeoertn.pe
may be found for arbitrary An hient presure, viscosity , and bear-
in geometry. Thne nature of- the stabie motion is- indicated. In

acotlna i~liied criterion anld hern oinare gvnm
low-speed Operation. Grap:hs which show the- effect of' designp
p)arrieters On berigforces are included, as an: aid- 5 ueia

63-050 Maloney, ZR.Ev Ar.J. an

G&SPALL flVA~rNG4 A S-TID OF 7thEIR I"'' '~N
GRARAGMERISSTIf. I0,AF Aerosp-ace Fluids and Luabricants Con-
£2ece Poeedineis. Szession WaB, San Antonio, Texas,
Afpril 16-191, 19-o3- Seitember 1963 A? nont-ract A' 33(657)
110)88. D. 5:39-516.

Ain as nrz A !- - - ZA spca ty pe of "3 - a a rinl

measurament, tUhL the fied mountam-on-t~ons ass~ne Sn the
theoretical analysis of half..freouencv wh!-irl doroexist - -th-e

gasib-all b-earlings, and also to co-Cmfare exp;-erimeniRd L-s-flS *- gas
ball4 bear-inegs 'ithi wor-k done by othe- on con1-ventional1 be-2ies
In the anparatus rised tfor the tests, the roators Cc-Sisteu 11

0-5-k0. i. iameershft-, F 5in. long, and a 2-v0 -

dian-eter alu!!aH flt Za-bmn. The berngos used were flC.i12A
S. - icu* rs a-7A4 a eP -- 4rbore wi-ta a O.Jin lez- a:- were m7-..a

0.0C00"5 n Two basic ty p eS orf test were cnutd ~t
the~~~~~~~~~ roto vetia anq2 ihtertr a 50-niin
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disussd.It is noted that inl cr-yogenic app-licati-ons a small -a3
uffland nossibly larger railClearance coul- tDe iiSed 10 e

63-02 M'arsh, Harry.
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a large response to dynamic loading not only at about one half of the
rotational speed, but also at two other frequencies. The importance
of these fluid film resonances is discussed and also their relation-
ship to the phenomenon of inversion for a rigid lbalanced rotor. An
experimental verification of the theory is described in detail, in-
cluding the design of a new form of bearing apparatus. The experi-
mental resultz confirm the theory and show zhat it underestimates
the whirl onset speed by about four percent.

63-053 Meacher, J.S.
GAS LUBRIATION OF BEARINGS AT HIGH TEMPERATULRES. Stratos
Division, Fairchild Stratos Corp. Technica Documentary report
ASD-TDRI-62-634, February 1963. AF contract AF 33(657)8216.

Externally pressurized gas-lubricated journal bearings 1.5 in. in
diameter and 2 in. in length and thrust bearings 1.5 in. in diame-
ter were tested with nitrogen as the lubricant gas at temperatures
to 1200 0F. A variable-inductance type proximity system was applied
to the measurement of bearing operating clearances at temperatures
up to 1200 0F. Clearances were measured under static nonrotating
conditions for a wide range of lubricant-supply pressures and bear-
ing loads. Shaft motion was observed during high-speed rotating
tests indicating dynamic instability. The effects of lubricant-
supply pressure, loading, and temperature on the threshold of
instability were recorded. Correlation with theoretical predic-
tions of bearing load capacity, clearance, and wh-'l threshold was
examined.

63-054 Mech, ChristS an
THE PRIMARY CIRCUIT GAS BEARING CIRCtLATORS FOR THE DRAGON
REACTOR EXPERIMENT. Dragon Project Report 229. October 1963.
Paper presented at: Dragon Project Enjineering Syposium,
Bournemouth, 21 - 23 October 1963.

Gas bearings developed by kateau are mainly applied in tth manufac-
ture of leak-tight circulators. In the Rateau techn: e journal
bearings with multiple pre-loaded pads and multi-pad thrust bearings
with a self-aligning feature are used. The paper gives further an

analysis of the circulators u-ed, and a detailed description of
their characterist ics.

53-055 Michael, W.A.
SMALL TRANSIENT AN1D PERIODIC SQUEEZE MOTIONS IN PAR_,LEL GAS
FILMS. International Business Machines Corp. ReptRJ 197,
September 25, 1963. Navy contract Nonr 3448(00).

A per-urbation analysis is employed to find pressure in a thin
gas film contained between two nearly parallel surfaces. The
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method is sufficiently general to allow small but otherwise quite
arbitrary time-dependent variations the separation of the sur-
faces. Thus film forces and moments may be obtained for periodic
or non-periodic motions of either rigid or flexible surfaces. No
tangential motion is permitted, however. Special cases treated
in detail are several diff rent motions of finite (rectangular)
and infinite gas bearings. Time constants for transient effects
are estimated.

63-056 Michael, W.A.
APPROXIMATE METHODS FOR TIME-DEPENDENT GAS-FILM LUBRICATION
PROBLD-S. Trans. ASME (J. App. Aechj, vol. 30 E, no. 4,
pp. 509-517. (December 1963).

Solution to the time-dependent Reynolds equation fcr compressible
fluids by several different equation techniques is analyzed from

the standpoint of computational stability and speed. The equation
is rewritten in terms of a dimensionless variable ,L = PH where P
is dimensioDess pressure and H is dimensionless film thickness,
both functions of position and time. The author concludes that
the Crank-Nicolson formula, solved using the Newton-Raphson method,
is to be preferred because (1) it is always stable and (2) the com-
puttional sieed is 40 times or more faster than other methods
tested, Algorithms for applying this metho.-_to one-dimensional and
two-dimensional slide bearings are _gieen. - Static, i.e. non-time-
dependent, sclutions are readily obtained as asymptotic solutions
beginning wizh P = 1 at all points in the grid.

63-057 Moller, P.S.
RADIAL FLOW WITHOUT SWIRL BETWEEN PAPALLEL DISCS. Aetonaut.
Quart., vol. 14, no- 2, pp. 163-186. (May, 1963).

Analysis and experiment are presented for flows of concern to radial
diffuser and air bearings. Inter-al methods (both laminar and tur-
bulent) prove quite adequate when comparison is made with experimen-
tal results. The inlet separation bubble and critical Reynolds num-
ber are discussed.

63-058 Yontgomery, A.G.
LMPROVEMENTS IN OR P ELATING TO FREE PISTON COMPRESSORS WITH GAS
BEARINGS. British Patent 923,732. (to United Kingdom Atomic
Energy Authority). Applied May 26, 1961. Issued April 18, 1963.

This invention relates to free piston compressors incorporating gas
bearings for a reciprocating piston and- aims to Drovide a compressor
of improved design having the majority of the working parts enclosed
within the cylinder casing so as to be particularly suited to the
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handling of toxic fluid. The invention comprises a free piston gas 6
compressor in which a reciprocating piston is arranged to compress
gas into a reservoir from which a proportion of compressed gas is
continuously w-thdrawn to provide a hydrostatic gas bearing for the
piston.

63-059 Mori, llaruo
A THFORY OF AN EXTERNALLY PRESSURIZED CIRCLqAR THRUST GAS
BEARING WITH CONSIDERATION OF THE EFFECTS OF LUBRICANT INERTIA.
Trans. ASME, (J. Basic Engng.), vol. 85 D, no. 2, pp. 304-310.
Jnle 1963).

An approximate solution of the axisymmetric laminar flow of a vis-
cous gas between two nearby parallel plates is developed. Com-
pressibility is considered as well as inertia of the lubricant.
The equation of state of a perfect gas is assumed. The result shows
a velocity distribution in the clearance in the shape of an elliptic
function rather than the parabolic distribution usually found in
other approximate solutions. However little change is found in the
load-carrying capacity. The paper is followed by discussion by V.
N. Constantinestu.

63-060 Mori, Haruo, Yasunori Miyamatsu and Shigeru Sakata.
RESEARCH ON DERNALLY PRESSURIZED CIRCULAR THRUST CAS LUBRI-
CATE:) BEARINGS. (in Japanese). Trans. Japan Soz. Mech. Engrs.
vol. 29, no. 205, pp. i475-82. (September 1963).

In externally pressurized gas lubricated circular thrust bearings,
the occurrence of depression in the pressure profile is observed
under some working conditions. Succeeding the previous paper on the
theoretical investigation of the pressure depression, the pressure
distribution in externally pressurized circular thrust gas bearings
with a circular recess is investigated theoretically by assuming the
generation of a normal shock wave in the bearing recess. Good quan-
titative agreement is found between the analytical results and avail-
able experimental data except the case of small bearing clearance
height or deep recess. In order to prevent the pressure depression
just after the gas supply hole, it is effective to make a round or
tapered chamber at the entrance edge of the hole to the bearing
clearance or to make the recess tapered doubly. By these alterna-
cions, the shape of pressure distribution becomes flatter so that
the load capacity can increase remarkably.
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63-061 Mori, Haruo, Toshiyuki Shibayama and Setsuo Kedo.
ELECTROLYTIC ANALOGY OF PRESSURE DISTRIBUTION IN EXTERNALLY-
PRESSURIZED GAS BEARINGS. (in Japanese). 1. Japan Soc. Lub.
Eners.P vol. 8, no. 1, pp. 16-20. (1963).

In order to determine, accurately, such quantities as the load-
carrying capacity and flow rate in an externally-pressurized bear-
ing, it is necessary to clarify the nature of the pressure distri-
bution. In the case wherein the flow within the bearing clearance
is incompressible and viscous, the pressure distribution may be
fundamentally expressed by the Laplace equation. Accordingly, the
pressure distribution is obtained by the measurement of electric
potential through electrolytic analogy. In this paer, the general
Reynolds equation, which depends on the compressible iubricant and
can take the change of bearing c earance into consideration, is re-
duced to the Laplace equation with an appropriate transformation,
and the pressure distributions of: (1) Externally pressurized thrust
collar bearing and (2) Externally pressurized journal gas bearing
are obtained by electrolytic analogy, and discussed in comparison
with the solution by complex potential theory. Moreover, by making
two electrolytic layers of gelatin with different specific resistivi-
ties, the pressure distribution of (3) Externally pressurized porous
thrust gas bearing is also obtained by electrical analogy. Electric
experiments have produced results in good agreement with the solu-
tions by hydrostatic theory.

63-062 Mori, Haruo, Toshiyuki Shibayama, i. Shizuma and T. Yamamoto.
RESEAP ON EXTERNALLY PRESSURIZED JOURNA L GAS BEARINGS. (in
English). Bull. JSME, vol. 6, no. 23, pp. 598-605. (August 1963).

In a previous paper by T. Sasaki and H. Mori, the experimental data
used in the comparison with theoretical results were for a bearing
with a single gas supply hole without restriction. However, it is
common to -se externally pressurized gas bearings with multiple gas
supply holes arranged circumferentially and axially. In this paper,
a gas bearing with multiple gas supply ho].es is designed theoretically
and the pressure distribution, Clow rate and optimum restriction are
examined and compared with the complex potential theory. The ..Cperi-
mental results show good agreement with the theoretical resultz.

63-063 Mori, Haruo and Hiroshi Yabe.
COMPLEX POTENTIAL THEORY OF EXTFRNALLY-PRESSUR PIZED, THRUST-
COLIAR GAS BFAING. (in Japanese). i. Japan Soc. Lub. Engrs.,
vol. 8, no. I, pp. 11-15. (1963).

in practice there are many applications of externally-pressurized,
thrust-collar gas bearings. It has been reported that a gas bear-
ing with larger recess has higher load carrying capacity, but has
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lower dynamic stability. Accordingly, it is preferable to use an
externally-pressurized gas bearing of the thrust-collar type with-
out a recess blt with a number of gas supply b-es arranged cir-
cumferentially thereabout. In this paper, the authors analyze
externally-pressurizeJ, th., Lt-collar gas bearings of the above
type without a recess and obtain pressure distributions by using
the complex potential theory.

63-064 Mori, Haruo and Hiroshi Yabe.
THEORETICAL INITESTIGATION OF EXThRNALLY PRESSURIZED TIRUST
0OLLAR GAS-BEARINGS. ASLE Trans., vol. 6, no. 4, pp. 337-345.

(October 1963).

Externally pressurized thrust collar gas-bearings with several
supply holes are investigated theoretically. The gas supply
holes are spaced circumferentially and communicate directly with
the film without feeding into recesses. A complex potential
function which satisfied the boundary conditions of the bearing
is found, and the pressure distribution, quantity of flow, and
load capacity are calculated for the two cases where there are
or are not radial grooves between the holes. The theory is appli-
cable for any number of gas supply holes.

63-065 Mueller, 1.K.
A NOVEL GAS BEARING SPHERICAL-ROTOR GYROSCOPE FOI SPACE
APPLICATIONS. Paper presented at the American Institute of
Aeronautics and Astronautics, Summer Meeting, Los Angeles,
Calif., June 17-20, 1963. Paper 63-214.

A gyroscope whi.h deviates completely from the conventional design
concept, but does not require exotic new developments or materials
is described. The gyroscope element of the spinning-sphere gyro-
scope consists basically of a solid, homogeneous, spherical rotor,
suspended with a spherical outer housing by means of a hydrostatic
gas bearing. Discussed are the operating principles, design
features. inherent advantages, and test results of the gas bearing
spherical-rotor gyroscope with case rotation, and its possible use
for vehicle orientation and stabilization in space, for the deter-
mination of the vehicle turn axis, and for directional orientation
on a lunar surface.

63-066 Muster, D. and Beno Sternlicht, Editors.
INTERNATIONAL SYMPOSIUM ON LUBRICATION AND WEAR, Proceedings,
Houston, June 1963. McCutchan Publishing Corp., BeLkeley,
Calif. 1965.

Papers included in this volume are "Inverse Hydrodynamics," by
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Bok; "Theory of Turbulent Lubrication", by Constantinescu; Thin
Film Lubrication", by Dowson; "Boundary LubcatO, by Godfre:

"Lubrication of Externally Pressurized Bearings", by Gross; "Inertia

Effects in Selif-Acting Bearing Lubrication Theory", by Milne;
"Influence of near-ngs on Rotor Behavior" , Stern icht; I
and Wear", by Tabor; "Thermal Effects and Elasto-Kinetics i Self-
Acting Bearing Lub-rication--, bvogepohl; -kGas-Lubricat d Bearings",
by Ausman; "Design of Fluid Uim, Hydrodynanic and Hydrostaic Thrust
and Journal Bearings!, by Fuller; "Computer Analysis of Hig -Ii-t

Rolling-Element Bearing Sytbemsy-- . Jones: f"Lubrication in Lie
Environment of Space!!, by Lewis and "High-Temperature Lubrication",
by Peterson.

63-067 National Bureau of Standards.
ON THE C.YOGENIC ASPCTS OF jEROJECT SH&_WOOD. Thirteenth Pro-

gress Report, for the period December 31, 1962 to March 31, 1963.
Nat. Bur. Stand. Rep. 7677, March 1963.

Aside from an analytical description of the Shervwood project the
report also discusses the successful testing of the redesignec gas-
lubricated bearings of the low-pressure turbine system.

63-C58 National Bureau of Standards.
ON THE CRYOGENIC ASPECTS OF PROJECT SHER'OOD. Fourteenth Pro-
gress Report, for the period April 1, 1963 to June 30, 1963.
June 3, 1963.

This paper mentions the use of externally pressurized gas-lubricated
bearings in a cryogenic turbine expander at speeds of 660,000 RIM.

63-069 Ng, Chung-Wah.
LINEARIZED P11 STABILITY THEORY FOR FINITE LENGTH, SELF-ACTING,
CAS-LUBRICATED, PLAIN JOURNAL BEARINGS. Mechanical Technology,
Inc. Report MTI-63TR51, December 1963, Navy contract Nonr
3730(00) (FBM).

Use of Ausuan's linearized PH method to etermi.e the 1 -t-^,., o.. of
h.lf frequency whirl for a rig rotor in self-acting cvindrical.

journal bearings is extended to include finite length effects.
Rotating polar coordinates are used to derive the governing equation.
Results obtaind ~are generally consistent with- several previous works

in wide ranges of all parameters. This method is judged to give
conservative results and is suitable for studying dyamic problems

of more complicated systems,
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63-070 Orcutt, F.K.
EXPERIMT -AL LNESTIGATION OF tIV-PHASE FLOW IN ThRUST BEARINGS.
Mechanical Technology, Inc. Report MTI-62fMR40 January 1963.
Contract Nonr-3731 (00) (FBWM).

An analytical study is made of two-phase flow in thrust bearings.
For all the operating conditions investigated, there is a sharply
defined load-carrying limitation for the steam-lubricated bearing
beyond which there is a sudden loss of stiffness leading to collapse
of the bearing and contact of the surface. Bearing-load carrying
capacity and stiffness are strongly dependent on the rate at which
heat is withdrawn from the film by the bearing surfaces. Condensate
in the form of droplets and streaks forms on the uncooled surface
near the outer radius as the load approaches tha critical load for
collapse of the bearine. The performance of the experimental bear-
ing lubricated with steam is compared with its theoretical perform-
ance using a single-phase lubricant having the properties of dry
steam. Results indicate that, for a fixed inlet pressure and sur-
face separation, a two-phase bearing has considerably lower carry-
ing capacity. For the bearing configuration used there was very
little dependence of bearing performance on rotor speed. Insta-
bility was observed occasionally when the shaft was stationary and
conditions at onset were such that the bearine as close to the
verge of collapse.

63-071 Pan, C.H.T.
GAS LUTBRICATED SPHERICAL BEARINGS. Trans. ASME (J. Basic 6
Engng.), vol. 85 D, no. 2, pp. 311-323. (June 1963).

This paper is based or, a NASA-AEC supported study (MU.Ti-62V15, April
1962, 46 p.) of a derivation of the isothermal Reynolds equation.
The gas lubricated hemispherical bearing is considered theoretically.
First, the isothermal Reynolds equation for a thin film between
arbitrary curved surfaces is derived. The equation is then applied
to a hemispherical bearing. External pressurization is considered
by assuming a *point" source at the pole. The self-acting effects
are studied by a perturbation analysis assuming a small displace-
ment ratio of the journal center. Extension to moderate values of
displacement ratios is treated by means of the linearized ph method.
Numerical results for comparison with other bearing configurations
and an earlier analysis are given.

6

63-072 Parker, K.G.
SHAFT BEARINGS. U. S. Patent 3,110,528. Applied May 14, 1964.
Issued November 12, 1963.

This invention relates to bearings for shafts, more particularly
shafts which are intended to be rotated at high speeds, and of the
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kind where the shaft is supported within a beacing bush which in
turn is rotatably supported within a relatively fixed body, the

arrangement being such that when the shaft is rotated the bush
will be rotated at a lesser speed (a floating ring bearing). An
annular passage for lubricant is defined betwen the internal eri-
phery of the body and the bush. The annular passage is in register
with passages extending through the wall of the bush to the clear-
ance between the latter and the shaft, and there is formed in the
body an inlet to the circumferential passage and a substantially
tangentially disposed restricted outlet from the passage, the

arrangement being such that particles in lubricant entering the
annular groove through the inlet w;ill be caused to move outwardly
by centrifugal forces and to be discharged through the outlet.

63-073 Pears, C.D.
EVALUATION OF TENSILE DATA FOR BRITZLE MATERIALS OBTAINED
WITH CAS BEARING CXNENTR!CITY. Southern Research Institute.
Final Report, May 1963. Contract AF 33(657)-7685.

Using- gas bearines to provide uniaxial loading the ultimate tensile
strengths of an alumina and a graphite were investigated statisti-
cally at 70 0F, 1000°F and 1600 0 " and the strengths correlated with
volume, surface finish, and strain rate. Significant correlations
were found for tile parametetxs at most levels.

63-074 Powell, J.W.
UNBALANCE WHIRL OF ROTORS SUPPORTED IN GAS JOURNIAL BEARINGS.
Engineer, vol. 216, no. 5609, pp. 145-6. (July 26, 1963).

The resonant speed of cylindrical synchronous whirl of a rotor sup-
ported in externally pressurized gas journal bearings is often
called the "inversion' speed. At inversion the rotor is said to
chanee from rotation about its geometric axis to rotation about its
mass axis. The autnor describes some experiments in which measure-
ments were made of the amplitude of whirl and phase changes as a
rotor was accelerated tnrough its cylindrical synchronous resonance.
The results suegest that a spin axis shift takes place which can be
described as inversion in bearings of large clearance ratio.

-075 Rnamachnnran S.
SHORT BEARING APPROXIMATIONS FOR GAS LBRICATED BEARINGS.
AppI. Sci. Res., vol. 12 A, no. i, pp. 1-8. (1963).

The Reynolds equation for gas lubricated bearings is sol'ed for a
fiite journal bearing, applying the approximation of Dubois and

Ocvirk as in the case of normal journal bearings. The results agree
with the experimental values for an LD ratio of one, with the pres-
sure and the load capacity independent of the ratio of specific heats.
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63-076 Rice, J.R.
NOTE ON NMERICA L SOLUTIONS FOR GAS-LUBRICATED JOURNAL BFARINS.
Trans. ASME (J. Heat Transfer), vol. 85 C, no. 2, pp. 187-189.
dlay 1963). (Tech. Briefs).

In two papers which appeared in 1961 on the numerical solution of
Reynolds equation for finite-length, gas-lubricated cylindrical
bearings under static loading, results are quoted which show dis-
crepancies for certain ranges of parameters, where the calculations
are more delicate (high eccentricity and bearing numbers). The 6
author has painstakingly repeated the numerical work and looked for
possible reasons of discrepancy. He finds that the results of
Raimondi are more reliable, though Sternlicht's procedure is faster.

63-077 Richardson, H.H. and others.
BASIC APPLIED RESEARCH IN FLUID PDW:E-R CONITOL. Mass achusetts
Institute of Technology. Progress Reports 8998-5,-6 for the
period February 1963 - September 1963. Contract AF 33(657)7535.

Technical results are presented and progress in several phases of
continuing applied research and development of the design of high-
performance fluid control devices for advanced aerospace systems
are describee. Continued emphasis was placed on pneumatic components -

and systems capable of performing in wide ranges of temperature and
with intense :adiation. Current research dealing with a new pneu-
matic pulse actuation servosystem, a gas-operated accelercmeter, the
dispersion of transients in fluid transmission lines, cc=ipressible
dampers, negative stiffness flapper valves, and gas lubricated bear-
ings are also discussed.

63-078 Rotron Manufacturing Co., Inc.
DESIGN MANULAL FOR SELF ACTING PLAIN CYLIZRICAL GAS JOURNAL BEAR-
INGS AND ThIRUST BEARINGS FOR USE IN ELECRICAL BLOWER MITORS,
FINAL DEVELOP24NT REPORT, PART II, FOR TE DEY -EPMEfP-NT OF GAS
LUBRICATED 3EARLNGS FOR USE IN BLOWER AI-D FAN MITORS. Report for
the period June 7, 1962 - June 7 1963, June 25 1963. Navy

contract NObsr-87522. AD-413 027.

This manual is a direct outcotme of the requirements set forc h in
BuShips Contract NObsr-87522 and is intended for use in the design
of unit type self-acting gas bearings applicable to electrically
driven blowers in the I0 to 500 cfm range. The work of preparing
the manual was accomplished by the Rotron Manufacturing Company with
Prof. D.D. Fuller serving as a consultant on gas bearings. The in-
formation contained in the manual has Deen assembled utilizing the
existing available literatuce for self-acting gas lubricated bearings.
Insofar as possible, the data have been verified by additional test
data accumulated at Rotron Manufacturing Co. Thnis manual attempts to
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63-080 Sasaki, Tokio, H4aruofriad osoTeh

STI1FFNESS OF EYXlbEnnAVLN P;ESSj7IZED j pinmatr (

E ngol ish). Bull. JSEva.6 o 4 . 866. (NoMve.a 1 %

The use of the sliatd baiensbe ~~~ erati ic a

deve'lop-mient: or_ commercial rolling contact b fut tt t were
Possible to nrodr ce an- externally tressurLi-d ienring -bICI possesses
very high stiffness, theImn thsbarn a" av h floin c

sirabie characteristics: (I low fErict*Lionat torcuie, ( 2) v, ery h igh
stfns,(3) lo'id supportability wIhen niot rotatlna, a~d (14) smooth

opDe r at ion . Mayer has investigat-ed the -nrou .._o of such a bearing.
Research has been condjucted on. the im-prove eant fstatic stiffness
azzfter his inetgtoand the- results or-tain&d are as follows; Te
stifrness ohtamincd er-erit--ntal research is qual itatl y Sii-

lar to, but$L surirtanta u inei rmaer '~y We
thIe Spool valve was ue-as the &.ariable exrernt al rCestriction, thxe

_: gm-1 reater- than jta- Lfl-I th iIxeU external
beariang stifnecs - ,a
orifice rest rrictzo.

63-1 Sasaki , Tok io, Hlro Mori and- Rnvuii Wada.
REEAC ON TE DYNAMIC BEHItORM F_ EXTERNALY. - EnT)IZrf AN

COMWLLED BEARING. (in Jp an es5e. J. J naan S o c. Lub. Evngrs.,
Vol. 6', no. 5, pp-. 330-3368. (1963%).

Recently, exenlypesrzed and contro--lled beangn-s b-'Ve been
reported by Mayer and other s. Tebearngd employs a variab-le



restriction in DMace of tefixed flow re-strXiction1 i."! orinar v C-
t-ernallv pressurized bcear ings. The autnn-anc regu1'arton of this
variable restriction cans ir.prov reat h tt~Sans

the bearling. It- is* necessar"y to investioate the d-vnarc behav ior
arnd stability of: the b-earng f"or practi3cal use. The d- .ra mic CSta -
bICilitv should be examined b-v the Rout1-h-ilurwitz stabi 1l-crteio
of tLhe characterist+ic equation; of th+.U ~ vt- crt
find out tch fundamental propp-erties of this bearing,_ the_ auhr
discuss the dynamic chrceitcsaiiiilan d dynami-3.C

stifnesesin this paper. -Since the rca.-lete alsist h
controlled bearing is ext- ely difficult, lumped paramtraayi
is used Po~r the boearing System tCo analyze the dYnamicbhvir

63-09-2 Schrader, E.W.
OF~ AIR ON YII vRRYFSD -- x-NI- KLI -AS

Design News, Vol. 18, no. 23 Dp. P-9. (ohvember 133,96)

Mag-netic read/write heads float on a cushion ,,c 1upunatv layer air
as the -antic storage d-isc rotates. The shape or roes multichannel
heads maintains the same constant flyving gfap for each track on the
disc. The gap b-etween -head an-d d-aisc is a function: or rote cisc sur-
face soeeo. At the lare isc radii, where surface speed is
greater, an increased force is a-olied to th-be hIIead to compenISate,
ror the higher surface speed. Air_ pressure sUrpllles this bI-;alIa7;1nR
foc.ThZs _ ie bead -- r each track, rather tihan a head-
pos ition ing system tyically used in other siilar Storage devices,
reduces the atjjC er-s time to a function of rotational Speed. Each
disc rotates at 1500% rpm. The average access tiime to any segment&
of information is 20 iset., anda the maxim-um access time is 40 inet.
Each storage module is capab- Zle of storing .9.6 million, six-bit,
alphanumeric characters. Each readt write hea mounts on a flexible
flat spring, which, itt tuin, -'s rgdysecured to the main, head
maount casting, The spring allows thge head to align it1-self dJurinig
landinig. An air-a-uated rillMCge D-s- tne head th- aw ie disc.

ThesuingSu~i cst: force r0 z~rftn th -ad when the air
pressZure is released.

63-0183 Schwartz, A.A.
-1 DTRC ATI0 NRESlVI1EWd DEMIOWIE-NMI IN BEAR ,N ANDt LIBRICAIYS -
A DIGEST OF THE LITERATURE. FOR 196--1961. Trans, ASME, (J. Basic
E-ngngi), vol. 85D, 1,). 3t ppI. 457-473. (Sept'"mwr 1963).

This Paper presents a review of developments in the field or gas
lubricated Journ~al bearin-es forh- yerb90ad16.Atce

on vanemi c loads, whirl_ 1, sli24de rs with liauid an-d gas fi I -S, extern-
nally pr1essur-ized be-ari,&T-s and bearinig design arexnlue
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family of :bearing -configurations is minimally anisoelastic when
bearing nonlinearity is taken into account. Analytical expressions

are developed which obtain a-measure of the -anisoelasticity intro-
duced by the nonlinearities in practical gas bearing support systems.

63-087 Sternlicht, Beno
COMBINED JOURNAL AND THRUST BEARING. U. S. Patent 3,1101525.
Applied Noyemt t 1, 1960. Issued- November 12, 1963.

This invention relates to a combination journal and thrust bearing
having a relatively large load-carrying capacity for its size. The
end of a shaft is provided with an external journal surface which is
coaxial and concentric with the external bearing surface. The shaft
is journalled in a bearing housing which envelops the end of the
shaft and has both internal and -external bearing surfaces operating
in- load-carrying relationshi with both the external and internal
journal surfaces on the shaft. New applications for bearings are
-presented where bearings utilizing low supply pressure lubricant
films require large load-carrying areas to support the bearing load.
A furtaer requirement is that the improved bearing constructions be
capable of withstanding -both radial and thrust loading conditions.

63-088 Sternlicht, Beno
- DYNAMICS OF C.S BEARINGS IN AEROSPACE MANEUVERS. Paper pre-

sented at the USAF AerospaceF-Tluids- and_lubricants Conference,
Session IV-B, San Antonio, Texas April - 16-19, 1963.

A review of the dynamics of rotor bearing systems for space applica-
tions is presented. Several types of system instability that origi-
nate -in gas lubricated bearings are defined' and the be -ring fluid
film- forces are detew-mined. -The dynamic phenomena considered in-
clude critical speed, synchronous whiri half-frequency whirl, frac-
tional-frequency whirl, and -pneumatic hammer oscillation in tht flow
system. Some effects of rotor-bearing geometry on- instability are
examined. Ekperimental results reported -for synchronous whirl and
half-frequency whirl agree with theoretical predictions. T con-
ditions for initiation of destructive self-sustained whirl in hybrid
bearings are established, and the effects of an increase in load n
the onset of fractional-frequency whirl are related to high and low

supply pressure.

63-089 Sternlicht, Beno and L.W. Winn.-
ON THE LOAD CAPACITY AND SVIBILITI OF ROTORS i4 SieLF-ACTING GAS-
LUBRICATED PLAIN CTLINDRICAL JOURN&L BEARINS, Trans. AS M , (J.
Basic Engng.), vol. 85 D, ro. 4, pp. 503-512. (December 1963).

Good agreement has been found between theory and experiment for static
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load-carrying capacity, ecce-itric-ity ratio, and attitude mgle for
plain cylindrical journal bearings (fitted with a sing le 0.020-in.
diameter orifice, -/37 in. long). With LID 1- and three bearing
clearances, indication of mininriu speed for the onset of insta-
bility has been obtained. Onset of IIFW (@ half frequency whirl)
increases almost linearly with load. For a given rotor mass and
bearing clearance the eccentricity ratio at the onset of instability
remains virtually constant even though the bearing load is varied.
As the bearing clearance increases, so does the eccentricity ratio
at onset of instability. There is a clearance at which onset of
HFW occurs at lowest speed. *(See.General Electric Technical Rleport
as AD-259 957, July- 1961, 67 p.)

63-090 Stingelin, ValentinIThEORTI ,A " -  ..
ETIChL AND EXPERII4 'E L RFES&ARCHON GAS BEARINGS I

fIHEORETISCHE UND EXPERIMENTALLE UNTERSUCHULNGEN AN GASLAGERIN.
(in German). -Zurich Eidgenossischen Technischen iHohschule.;
Inst. fuer Aerodynamik; Ntt., no. 32. (1963).

The differential eq ation of self-acting lubricated bearings is
derived. The known exact solutions of special cases of -the equa-
tion are discussed. Solutions for the ecuation !or the closed gas

bearing (without slip-flow) and for the finite width gas bearing
(with- slip-flow) are derived and explained. Bearing react-ions and
characteristics are -displayed- graphitally. Lubricating fim

changes-of-state -and- the influence of sitD-flows on- the bearing
are discussed briefly. Experimentai apparatus, procedures, and

results are described,.

63-091 Stoller, H.M.
E.XPERMDENTAL INV-ESTIGATION OF GAS UBRICATED WATER BORNDARY
LAYERS. OTS Technical Report 007-1, May 1963. Navy contract
iNOw-60-0ll~c. :AD-425 217. -

Gas lubrication experiments were conducted on two-dimensional and
three-dimensional models. Thin -films of maximum length of four
to six inches were observed on the two-dimensional flat plate model
at low water speeds and air flow rates. Comparable length fIlms
were observed on the paraboloid-of-revolution model under approxi-
mately the same conditions, -Additional observations on gas lubri-
caticn are presented.

63-092 Tipei, Nicolae
TIhERY OF LUBRICATION- WIrq AP PLICATON TO LIqUID AND GAS-
FiLM LUBRICATION, edited by William A. ross. Oxford Univer-
sity Press. 1963. 566 VD.

This is an English edition (f a book published in Roumanian in 1957
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and aknoleged' as a signif icant work on the theory of bearing
lubrication,- written by Profess-or Tipe i, Head of the-Machine and
Mechanics Division-of the Institute: of Applied Mechanics, Bucharest.
Dr. Gross, the- Editor, is-Director of -Research Labo-r-Atsries, Ampex
Corporationr. The :English Ed ition includes new material aad a hew
chapter On lubrication in turbulent f-ldw. it presents a complete
-picture of -hydrodynamic liquid lubrication and self-acting -gas
lubrication- that will permi-t application by digital computer., It
is illustrated by- situations actually encounte-red in machine design
an& construction. Three general considerations on friction and
the motion- of viscous fluids are presented at the beginning,
followed-by a chapter on lubricants, in which data on- different
types of lubricants-are given. The remaining chapters are concerned
with -fluid and gas- lubricat-ion between solid -walls. Imnportant re-
sults. obtained by other -investigators Are -included- -t, in the main,
the material presented is the result of the author's -oln experience.

63-093- Turnblade, ,R-.C..
- 'H~flE MOULECULAR -TFANS IT -IME AND- ITS -CORRELATION- WITH THIE

STABILITY OF EXTERNALLY PRE,7 UJ"ZED GAS-LUBRICATED -BEAR NGS.
Trans. -ASNE,_ (J. :Basic -Engngj, vol. 185 -D, -no. 2, pp. 297-303.
_(Jun e- A 9 63).

It. discussing the stability- of -externally -pressurzed goas -bearings
-the-.author introduced. two dimensgionless-paramet-ers:. mo-lecul-ar1
tr~ansit niumber A and bearing, Reynolds nlumber 'RN The- -former,-
concernts the -elapsed time for a- mblecule 'to- traverse- the bearing, or
the tims -lag in the -bearing- response, to an- external perturbation.
The latter, N is a. number similar to- Reynolds number and concerns
the rate- -of mast -flow i-nto the bearing. Frow experimental data- the
author has- prop osed a stability-criterion involving these 'two. para-
meters., Although-some am~iguities remain Jr. the theory because of
its wide generality, t#e- paper should be -helpful f or the researcher-
in the same field.

63-094 Wernick,, R.J-r. -and -.H.T. 'Pan.
sTATIC mmD -3y410 -FORCES- O;F PARTIA-L ARC SELF-ACTING GAS- JOU-RAL1
BEARINGS AT MO0DERATE COMPRiESSIBILITY NUMBERS. Mechanical Technology
Inc. Report WMTE-63TR4, February 1963. Navy, contract Non--3730(OO).

The problem -of lubricating -self-acting cylindrical journal bearings
with- half-f requency whirl instabil ity can 10e solved by- an expansion
of th- fluid f ilm -pressure i n terms of power series in A ,where

A is the- bearing compressibility number. This paper extrands the
method of Galerlkin in solving the steady state Reyrnolds equation for
a variety of bearing configurations to include both time dependenice
and higher order effEects of 2. The results -may be. Applied to the
calculation of critical speed rotor response, and stability of1 flexible
rotors.
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63-095 Whitley, Stai.lev and DRS Alln*
JOURNAL AND JOURNAZ BEARING ASSEMBLIES. U. S. Patent 3,079,203.
(to United Kingdom Atomic Energy Authority). Applied November

1959. Issued Februaryr 26, 1963.

A gas wr'. iournal and journal bearing assembly is described
where Lne - bearing has a cylindrical bearing surface having
defined therein at each end of the assembly at least one ring of
three or more circumferentially extending shallow grooves each having
a width less than the arcuate length and each te-- ating zbruptly to
create a step. The grooves occupy '-orresponding arcuaie positions in
all the rings and have at Corresponding ends thereof a hole providing
free communication between the grooves and the atmosphere ambieh.x 'n

the assembly.

63-096 Wildmann, M.
THE CAS LUBRICATED STEPPED THRUST BEARING. A C@4PREHENSIvE
STUDY. Ampex Corp. Report RR-63-2, April, 196-3. Contract
Nbnr-3815 (00).

The existing analytical solutions for gas lubricated stepped pads
ate reviewed and simplified-. Experiments ,performed on gas lubricated
stepped pads are described, and the experimental results are used to
verify the analytical solutions. Design curves, -based on a combina-
tion of analytical and e~xerim-ent-al esults, ate presented and a
design procedure, including sample calculations, is given.

63-097 Yeanle F D_
INS-EALED MACHINERY ROTOP RIDE ON '-S-. rod. Engng, -vol. 34,

no. 3-21, -pp. 1-23. (October 14, 1963).
Uses, design, advantages and disadvantages of gas bearings are

described. Tables give operating requirements and Specifications
for t-ypical machines. -US. and foreign manufacturers are listed.

63-098 Zajac, Felix and David Small.
A LINE ARZED ANALYZIS AN) DESIGN OF AN ADIMAI C BALA iCNINS
SYSTEa F0 WE THREE AXIS AIR BEARING TABLE. NASA IM )X-50177,
AnriJjl 2-5, 1963.

The design ana]lysis of an automatic control system to reduce the
mass unbalance (torque) of -the air bearing table, so as to enable
satellite attitude-control-systes testna is discussed. To balance
the. table to within 5000 dyne-!cms or less the torque balance is
first set manually in the horizontal position so that the pendulous
table has a period greater than 2.0 minutes. Then t-he automatic
natancing system is activated, correcting any imbalance by placj-Vt -
weights on the appropriate axis. In the same manner, the table is
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balanced in rol and yaw axes. Analog computer results show the
balancing system to be stable. Block diagrams are presented, shc,-
ing the parameters of-the-system on all three axes (pitch, roll ar-
yaw). The balancing time for total fine balancing is approximatety
10 minutes.

pI
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64-001 Adams, C.R.
DESIGN AND FABRICATION OF IMPACT DOCKING SIMULATOR AIR BEARINGS.
Paper presented at the 1964 ASLE Annual Meeting, May 26 - 28,
Chicago, Ill. Reprint 64AM 4B4.

Externally pressurized air bearings for a space vehicle docking simu-
lator are discussed. Design considerations for shallow recess step
bearings are examined and preliminary design calculations made.
Methods for machining the spherical and flat thrust bearings are also
described.

64-002 Anonymous.
AIR LEVITATES MANEUIERING ASTRONAUYTS. Compressed Air Magazine,
vol. 69, no. 1, p. 20. (January 19614).

A jet-propelled , land-based device called the Manned Docking Simula-

tor that will enable space scientists to simulate and perfect techni-
ques of carrying men -between earth and orbiting space stations has
been developed. The Manned Docking Simulator is built to carry two
astronauts plus supplies. It weighs about 1000 pounds, -is 74 feet
high-and 5 feet wide. The supporting structure is mounted on air
cushions, metal discs constructed so that air is expelled at -super-

*sonic velocities beneath them cau-sing the simulator to lift a frac-
Uion of an inch from the _floor. This - simulates the frictionliess

-environment of space, and is a close atpoximation of weightlessness.
Test pilots operating the device can pitch, roll, twist, or yaw the
vehicle as they go through rendezvous, approach, -and connection to a
space station.

64-003 Anonymous.
MOWING -HEAVY LOADS - ON AIR. Engineering, vol. 198, no. 5135,
p. 359. (September 18, 1964).

An ingenious application of the rund effect principle, as used cur-
rently in hovercraft, has been made for the handling of frzight in
containers or on palletsi The system will enable loads weighip many
tons to be transferred from vehicle to vehicle or from, platfo-m to
trailer with just a push of the hands. The basic principle -of the
method of handlinr is that air cushions of a size proportional to the
weight of the load to be transported are fixed under the container or
pallet and fed with low pressure air. The cushions are molded in m

oval shape from a durable plastics material. in use, a modest volume
of air supplied either by a centrifugal oz a positive displacement
blower, feeds the center of each cushion; .fter inflating the cushion
and effecting a seal against the supporting surface, excess air sup-
plies the contained air layer that supports the weight of the load
and allcws easy movemet.
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64-004 Anonymous.
AIR BEARING CRINDING SPINDLES. Engineer, vol. 217, no. 5644,
p& 584. (March 27, 1964).

A high speed grinding spindle with air bearings,which is principally
intended for use in bore grinding machines, can be adapted for use
on other machine tools. These spindles have an air turbine drive
and consume about 9 s.c.f.m. of air at 75 lb./sq. in. and, due to
the low viscosity of air, their bearings absorb comparatively little
power. Bearing heating is stated to be negligible and no warming up
period is required before the commencement of grinding. With air
supplied at a pressure of 30 lb./sq. in. the spindle speed is 30,000
rpm, and at 80- lb./sq. in. it is 60,000 rpm.

64n-005 Anonymous.
AIR BEARING TORQJEMETER AIDS DFSIGN. Spneering, vol. 198,
no. 5148, p. 787. (1964).

Accurate torque measurements on model agitators enable predictions
to be made for the power requirements of full scale agitators of
the type Used in the chemical industry. An air bearing torquemeter
has been- developed by Imperial Chemical Industries Limited for this
purpose. The torquemeter utilizes a flat circular table of 10 in.
diameter, which floats on an air thrust bearing-, and which acts as
a support for the model- agitator vessel. Concentric location of
the table is provided bY a vertical air column bearing which a"so
permits the table to rotate about the vertical axis.

64-006 Anonymous.
H2NE--R FLOA-TS ON. -AI PADS -10 GRAIN GRIND OMMT FLooR.

_Engng. News Record, vol. 73r no. 25, p. 119. (December 17, 1964).

General Dynamics engineers developed a ho'ming machine that rides on
cushions of air. They leveled two I-beams with Dolished steel plates
on the top flanges to form- tracks about ten feet anart. A gantry-
like cross-beam rides the tracks on four air cushions. Polished
steel plates on both flan-es -and -both sides of the web of the cross-
beam -are used to form grinding surfaces for four air cushions that

support the suspended hon6ig machine.

64-007 Anonymous.
B-A- PNS 1 I' : lUG- ionA~e, Aivol. 1 .94, Zno

pp.i023. J 23,.96)

In nuclear power piants, th lubricati-on of coolant co-m;ressors and~~~~~~turbines x ae D n a-o
trii co-rlicareu oy the threat of leak-ae across the seal

between coolant stream aad bearing lubricant. However, when the

-fo-



$

bearings in a gas-cooled reactor are gas lubricated, they do not
require elaborate seals. In fact, the lubricating gas can be the
same as the cooling gas. Moreover, temperatures will not present
problems. As temperatures soar, oil begins to break down. Gases,
on the other hand, lubricate even better as a reactor's coolant
stream temperature rises. An analysis was completed recently at
The Franklin Institute for predicting the performance of self-
acting (hydrodynamic) gas lubricated partial-arc, finite-length,
journal bearings for steady-state conditions. The results "can be
used for bearings of many types". This analytical work will be
followed by experiments on a special test rig to verify underlying
assumptions.

6 4 -bud Anonymous.
AIR BEARING SPINDLE. Light Metal Age, vol. 22, no. 7-8,
p. 31. (August 1964Y).

The Model 1300 Nano Stable Air-Bearing Spindle has -the capability
of turning, microdrilling, boring, and facing to within one -micro-
inch surface finish, and roundness to less: than five millionths
inch total indicator runout reading. The variable-speed 1/12-hp
motor drives- the spindle which is designed as a replacement head-
stock for the Leven Lathe -or it may be, mounted on any other suit-
able base.

64-009 Anonymous.
AIR-TURBINE ROTOR SPIN ON GAS BEARINGS AT 73,600 MH.
Mach. Design, vol. 36, no. 12, p8. (May 21, 1964)_.

A gas bearing speed record was -established (it is claimed) with a
rotor and suporting gas bearings developed by J.M. Tessarzik and
R.C. Elwell of General Electric., The shaft journals are rund-to
within 10-millionths inch of a p-erfect circle. A special film
coating permits dry starts and protects the bearings and shaft until
1000 rpm is attained. At this speed a gas film is established which
floats the shaft. The system is being integrated into a high-speed
electric motor used to DGwer a cryogenic refrigeration system.

64-010 Anonymous, _

H--N 1GIN NG. Prod. En g , vol. 35, no. 21, p. 68.
(October 12, 1964).

An air cushion lawn mower weighing 30 lb. is powered by a 2-stroke,
hD Tecnseh ine h - tne mower clear of the ground at

3100 rpnand holds it at 4 in. above the ground -t 3500 rpm. The
secret is an impeller attached to the crankshaft above the totary
blade. The i=peller raises air pressure under the mower's steel
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housing which lifts the unit from the ground and simultaneously
holds the grass upright for a smooth cut.. Height of cut ranges
from 5/16 in. to 1-7/16 in. and is easily altered by changing
spacers on the crankshaft extension.

64-011 Anonymrous.
LBRICATING GYROSCOPE ROTOR (SPIN-AXIS) BEARINGS. Sci. Lub.,
vol. 16, no. 5, pp. 23-6. (May 1964).

Hydrodynamic gas spin bearings are being developed for flotation
gyroscope rotors. Advantages and disadvantages are discussed
briefly.

64-012 Anonymous.
LONG-LIFE SPACE DESIGNS ARE OUT OF THIS i0RLD. AEiJ_,
vp. 72, . 11, pp. 76-85. (November 1964).

One of the- most serious problems of gas bearing turbomacinTery
has- been self-axcited instability. In order to eliminate this
problem- as -far as possible, the partial arc bearing and composite
bearings made up of several fixed or pivoted arcs are generally
used for high. speed rotating machinery. These bearings either
reduce or eliminate tangential forces which produce instability.
When the eccentricity ratio is high, partial are bearings have
appreciable load capacity. Often, their threshold-of instability
more than co6ensates for the loss of load capacity -ten compared
with- the full 360-deg. bearing. The compressibility parameter and
the dimensionless load contain gas viscosity as one of the para-
meters. Most gases have similar viscosities, which increase with
temperature. Stability -without appreciable loss In load- carryinig
capacity can be enhanced still further by designing bearings that
comprise a plain partial arc in the loaded reeton a nd that are
grooved in the diverging part of the bearing. This grooving
serves to eliminate suba---bient pressures and to generate an applied
force that i-creases the threshold of instability. E;periments
were conducted to- study load capacity, attitude angle and rotor
stability as functions of geometry, ambienz pressure, rotor -ass,
bearing force, rotating unbalance, and other parameters. These
experiments demonstrated how increased ;wnbent press-re drasti-
cally reduces the whirl onset speed.

64-013 Astill, K.N.
STUIES OF T1HE DEVELOPING FLOW BEwErNQNCEN:hIG- -fI)RS W~
THE LNNM CYLIDER ROMMhTINQ. Trans. A&I19E, (CT- Heat Transfer),
V4ol. 86 , pp. 383-392. 4ugusit 19640.

rhe present naner is part of the third phase of an investigation of
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the phenomena and- variables which control the rate of heat transfer
in the air gap of a rotating electrical machine. Experimental
studies were made in -the developing adiabatic flow of air in an
annulus having a rotating inner cylinder and stationary nuter cliin-

der. Experiments were made to determine when Taylor vortices, and/
or turbulence occurred as a function of Reynolds number of the flow,

rotational speed of the inner cylinder, and distance from the inlet.

Lines of demarcation of the several modes of flow were established
for positions along the axis of the annulus. Two length effects
were present: the distance to the point where vortices -occurred
and the distance requited for the vortices to develop. A criterion
is -presented for determining the point in a developing flow where
Taylor vortices orginate. The value is given in terms of the dmen-
sionless parameter,

t±~a J~ >24
A discussion of the occurrence of vortices is well-developed flo ws
is presented.

64-014 Ausman, J.S.

ON THE BEUAVIOR 7-OF GCAS-LU;BRIC&TW OUNAL. BEAINGS -SUBJECTE TO0
IT 'OIDALLY TIME--WVARY-N4G -lOADS. Paper 64-Lu.-27 presented -at

The- AE -and-AS international Lubication -Conference, Washing_
ton,- D.C- Octobertf31!6, 196- ...

Linearized steady-state- time-dependent solutions to the- equations of
journal motion for sinusoidally tine-varying radial loads, derived
-by utilizing the "linearized ph" technique to approximate-lubricant
pressure fotces are presented. An. exemplarr check -for vibration at
half-rotor frequency shoas that the nonlinear terms can be -neglected
provided the -total eccentricity ratio remains less than one half. A
typical journal-bearing frequency response exhibits two distinct

types of resonances; one at half-rotor freuencv and another at a
frequency given by VKMI, ijhere K is- the effective spring contant
cue to the b modulus of rhe ga- lubricant and - i. -the -_ass- of
the supported rotor. As .the static eccentricity ratio increases,
the amplitude of the half-rotor frequency resonance decreases
drastically, -but the amplitude of the 4. resonance increases
liihtlv. Rotating load response can be sythesized "y superimpos-
iT- the responses to two 90 out-of-phase radial loads acting along

perpendicular axes. The- resulting response is a nearly circular
ellipsecentered about the static equilibrium position.
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64-015 Ausman, J.S.
GAS LUBRICATED BEARINGS. Advanced Bearing Techfijogy,
National Aeronautics and Space Administration, 1964.
pp. 109-138.

A study is made of the problems that are presented by gas lubricated
bearings. Analysis is complex because the compressibility of gases
makes the Reynolds equation nonlinear. Because of this nonlinearity,
no general analytical solution to this equation has been found, and
approximate methods of solution invariably rely on some means of
linearizing the equation. Some methods for -obtaining approximate
solutions are discussed. Results are presented in forms intended to
illustrate the fundamental nature and behavior of gas lubrication.

Typical design curves are also given to serve as. guides.

644016 Baldwin, R.G. and S.J. Kbrzenowski.
THE APPLICATION OF :GAS, BEARING SPIN MOTORS TO MINIATURE GYROS.
Bureau of Naval Weapons, Rotating and Static Precision Com-
ponents Symposium Proceedings, April- 1964. pp. 64-92.

The application of gas spin bearings to. miniature floated rate-inte-
grating gyros is discussed in some detail. Included in the discus-
-sion are the following subjects: (I) -.basic principles; (2) instru-
mentation--steady 0 ads and dynamic loads; (3) materials-,wear resis-
t-ance and :surface -finish (4) fabrication -and assembly; _(5) test
results--stat-ic data and dynamic data; and (6)- gyro data-random drifL,
cool-dOwn stability, run-up stability. It is -concluded that the prac-

tical application of miniature gas spin bearings to gyroscopes has
been demonstrated and documented; -random drift characteristics have
been improved by an order of magnitude; and mass stabilities- have
been improved-by a factor of three.

64-017 Barlow, Edward
AXISYMMETRICAL FOIL BEARING - COMPRESSIBLE FLOW. Ampex Corpora-
tion. Res. and Engng. -Pub. RR 64-6. June 1964, Navy contract
Nonr-3815(00). .

The axisymmetrical foil bearing is studied with effects of compressi-
bility being: included. The pressure and gap profiles are found by
numerically integrating the governing equations. The results are
compared with the corresponding results obtained in a previous report
on an approximate solution of the same problem assuming incompressi-
ble flow.
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64-018 Baumann, H.
DESCRIPTION AND PEUFORANCE OF THE PRIMARY CIRCULATORS FOR -THE
O.E.C.D. HIGH TEMPERATURE REACiDR PROJECT DRAGON, ENGLAND.
Rotating Machinery fcr Gas-Cooled Reactor Application, Pro-
ceedings, Gatlinburg, Tennessee, November 4-6, 1963. TID-9690,
May 1964. pp. 189-205.

The main coolant circulators for the OECD-High temperature-reactor
Dragon at Winfrith in England are totally enclosed blowers with
hydrodynamic gas-lubricated bearings. Multiple-wedge bearings with
fixed wedges in a cylindrical shell or pad type bearings show a
considerably lower load carrying capacity compared with cylindrical
bearings with stabilizing wedges. For duties where a high bearing
capacity or a large speed range is demanded, it is said that stabi-
lized cylindrical bearings are to be preferred. The necessary
manufacturing accuracy of wedge-stabilized cylindrical bearing3
offers no production difficulties, and permits, onf the other hand,
the free exchange of any bearing or shaft. The arbitrartly com-
posed parts can be put into service fulfilling all the required
conditions, especially the "touchdown" speed and running without
signs of wear.

64-01-9 Baumeister, H.K.
A NOTE:ON THE NOMINAL CLEARANCEOF THE FOIL BEARING. Paper
presented at the 1964 ASLE Annual Meeting, May 26-28-,
Chicago, Ill. Preprint 5B5 . -

An investigation has- been- made of the- m-agnitudes of the errors
introduced- into the analytical solution for the nominal clearance
of the foil bearing by the assumptions that are usually made.
From -numerical -integrations, it has been concluded that the exact
method of specifying the- clearance and the exact locations of the
-ends of -the bearing are not cr-itical,, and- -that the assumption of
various shapes for the foil will result in erroneous nominal clear-
ance values.

-64-020 Bayley, F.J. and L. Conway.
FLUID FRICTION AND LEAKAGE BETWEEN A STATIONARY AND ROTATING
DISC. J. Mech. Engng. Sci.., vol. 6, no. 2, pp. 164-472. (1964).

An investigation of the flow in a narrow gap between a rotating and a
stationary disc with an arbitrarily imposed radial pressure differ-
ence is described. This system represents the conditions obtaining
between the rotors and casings of many flui.d machines. The investi-
gation is mainly experimental, for although the equations of motion
were derived for the fluid system in question, these were found not
to be tractable for the conditions observed. Experimental results
are reported from two separate test series. The first test series
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vi-elded data or 1the fT-ctio al and p-ress-ure forces in -he system
which were obtained in sufficiehit detail for use in design calcula-
tions for fluid machinery. In the second series the flow between
the discE was studied in detail in order to explain the nature and
form of the results obtained -in the first series of tests.

64-021 Beams, J.W., Beno Sternlicht and W.Y. Hughes.
G&S, MGNEflG, AND KfiD -BZARINGS- FILLING NEW NEEDS. SAE J.,
vol. 721 no. 3. pp. 72-75. (M1arch 1964).

A simplified explanation of how gas bearings wark i-s presented.
The iperation of a slf-ant-ind compressible fluid (gas) bear'ing

is sownschmatcally. A- "hybrid" baaring (self-acting- and
externally pressurized) is dencribed. Altho-.tgh a ^Omwon 4ourndl
bearing has -been -used- for -case of explanationi, -many other con-
f igurations- of gas bearings -have- been designed and- are in use.
Among- p resent commerical applications of gas bearings are- a high~-
speed drill1, a 24,000, rpurL electric fan for cooling electronic
assemblie, aid control gyrosccpe assemblies f-or guidance and

ontrol1 ofblitic -missiles and aerospc vehices. -Magnet-ic
bearings -are described uhichti offer many of the same advantages
Of the gas bearings. The basic cher-acter-ist ies of MkiHD- -bear in-gs
are- also discussed.

-64-022 SBenatti.- R-.J.
-GS BEARING' FOR GYROS(XPES. Sperry -Engng. Rev., vol. 17,

This pDaper dJiscus~ea -the parameters af f ecting the perf omance- of
gas lubricated bearings desiged to:support gyroscope rotors. -The
gas bearing- -provides- the exacting, positional stability required
in the gyro spin -axis., Its introduction has improved the long-
term drift stability of: the SINS gyroscopes by a factor of five.,

6 4- 023 Benatti, R.Ji.
GAS BEARINGS. U.- S.- -Patent 3,14,036. Applied May 29 '19621.
Issued August .25, 1964.

This invention relatCes to an improvement in gas bearings of the
hydrodyhamic pressure typ e by- which the condition known as -half
-speed whirl is inhibited without a resulting loss in load carry-
iag capacity. -A further object of the invention is to -provide
a gas bearing with-a moving-element that accelerates through an
operational ra-nge -from_ litspeed to the design speed of rotation
wiJ u expriencing the termed half speed whirl. To produce ttot-ep he

additional l-ift provided, the respective end areas of one of the
bearing elements inc~ludes a plurality of rocket-providing channela



LI is uvec Teriphierv w-ith an oaen; en'd r a- L±nz telror anrde
Athroaingv- eleen t at ther Drarv Vearinz accelerar es bo

nr peth a opresszed ite included end rocikets exerts
radially direct-ed secondary positive resre ~n th ottating

elIe me nt th a t. orodu ces ths result.-

SOME: COI PRISN BIETrn .rZN3 OMPRESSIBE A_ U eflflflfllfL E

E n~ ) vol. F 6n D pp. 527v-537. (Seapt et 196)

Thne- degree of approx-iffmation made when var-ioust commonrl - ar2eters
involved in an leent-roDc. conP-resslR-le fPI.u ia i low. are Aaluat ed

0 rm incompressible -relarions is examined. F~ 4-A~s cmpresie
and inICOMressinie solions are aerivec and& pesenited --raphi-
bl~ Then, ratios bntwMeen -these com-reSSib±e dflC 1ncomptressi-

Detreatments are formed wolhich define various expansion~ tactors;
ithese Are tabulateJ andc p-resent.eA ganahica I vrinue~a
examples illUstratL tiiC-1 use ofP the ta1b-las .-nd Rraioh

6402 3isson, 7-E. and -WJ. -An.,derson.
*ADVANCED BEARING TPECHNOIO;C-YS NASA special -pub-licationi -3JE3

19 64.

Chaipter 35, ttGas LubiI.cated eaig'wazs 2writte. ibv _J.tAusmafl
%-n5uaricating f ilms :ptn m ove- nearly a isotanerm0 1t an- -mare

nearlyv ThamiAr thfan on. 1'vquid "trcdkng -s. -The xalidi t-
-orP the isother-al -ass urwIt xcr- Im vemie -mathematically- Ther- -is

a enetral discusslo -of- salir oatlvgcbea~w hc isr o'vaoCec iiito
t-wo sections, journal: DIearmens, and thrust bermds There is a
t-able --showing the optiamdfl -number of -,-ds and '1oc-w-ion, of step. Ior

twaximum load--at --a compresslr- ratio of -2. The -secti-on on- exter-
nallv pressurized -bearine-s is divided in.t-o- toparts, stp bearings
and oiice-resLric oteainzs. There is also a- sec-zion od rf- co1 ern sta-
-ilty. The -chapter !has 15 reretrences.-

F4 - UPZ Bowhill, A.
METHODS2 OF MAINIYACTh'flNG JOURNAL AN1D JIOURNAL BEARNG MEIBE R2..

-S. Patent 34158909,44 '(to Un-ited Kingdom Atomic Thnerger
Authdrit- - Ap'1e -11y 17.16. sued 'December -1, 1 964.

IApp-iid -Great Britairn May 17', 1961.

This invention describes- a aernhod of manufacturP-g a journal and
journal bearing assembly- deined tor operation wt.-h galuria
tion aeitween thes Journalr me aner and Dora earing temter ±n

Swhlicrh, bU means Of the appli-cn'ion oL c!ampig stri duning sic-
cIning desre vaitions t--ram true -irutr- o~rvmav be

achi evee.



64-OQJ Castelli, V., C.H. Stevenson and E.J. Gunter, Jr.
STEADY-StATE CHARACTERISTICS OF GAS -LUBRICATED, SELF-ACTING,
PARTIAL-ARC JOURNAL BEARINGS OF FINITE WIDTH. ASLE Trans.,
vol. 7, no. 2, pp. 153-16F. (April 196

This paper contains the description of a solution of the problem
of self-acting, gas lubricated, partial-arc, finite length journal
bearings for steady-state conditions. The results can be used for
bearings of many types such as simple, fixed, partial-are, journal
bearings (tapered land), axial-grooved journal bearings, pivoted-
pad journal bearings, and similar geometric shapes. Sample results
are plotted, and their ujtilization for various bearing types i-
illustrated by examples.

64-028 Castelli, V. and .G. Elrod, Jr.
SOLUTION OF THE STABILITY PROBLrn FOR 360 DEC. SELF-ACTING,
GtS-LUBRICATED BEARINGS. Paper presented at the ASME Lubrica-
tion Symposium, Cleveland, Ohio, April 28-30, 1964. Paper
64-LubS-IO

This is an investigation of the stability of self-acting, gas-lubri-
-cating bearings. Two approaches to the solution are presented and
their results are compared. The relation is discussed between the
present work and other, mord simplified, methods available in the
literature. The particular case of a 3600 journal bearing of infinite
length is treated, and the changes necessary to use the same theories
with other geometries- are pointed out.

_64029 Chaboseau, J.P. and Chtistian Mech.
-EXPFINCE OF SOCIETE P.ATEAU -IN TiE CONSTRUCTION AND OPERATION

OF GAS-BEARING COMPRESSORS. Rotating Machinery for Gas-Cooled
Reactor Application, Proceedirgs, Gatlinburg, Tennessee,
-November -4-6,f 1963. TID-7690. May 1964. pp. 2-19--2351.

General specifications of a typical gas circulator are given. -The
most frequently handled gases in such a machine are: helium, carbon
dioxide, nitrogen, uranium hexafluoride. A brief survey is made of
machines -already built by Societe .Rateau, those under construction,
those underg-ng acceptance tests, and those presently being designed.
A brief review of engineering problems encountered in the development
of the gas bearing system is included. From tests performed, the
reliability of hydrodynamic gas-bearings of the tilting pad type has
been demonstrated and some local improvements made. Optimum geome-
tries of gas-bearing pads have been determined. As no jacking gas
is used, friction resistant materials have been developed and used
to improve start-stop conditions. Satisfactory results h-ave been
obtained. It is felt that this work provides insurance that high
reliability can be obtained with sealed machines using the multi-
pad, gas-bearing system and that such machines are now suitable for
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industrial operation in a broad range of rotating speeds from 2,000
to 24,000 rpm and power up to 250 HP. No particular problems have
been encountered in operating such bearings for pressures varying
from 14.7 to 850 psi.

64-030 Chaboseau, J.P. and Christian Mecc.
DEVELO WENT OF PROSPECTS FOR MULTI-PAD GAS BaRINGS. Rotatina
Machinery for Gas-Cooled Reactor Application, Proceed ings,
Gatlinburg, Tennessee, November 4-6, 1963. TID-7690. May 1964.
pp. 263-72.

The performance of gas bearings was explored. Th.e range of bearing
characteristics covered by the results is given. Tests on materials
ate being continued with a view of enlarging the range of gas-bear-
ing applications. Future possibilities for industrial applications
are discussed.

64-031 Cheng, 11.S. and C.H.T. Pan.
S ABILITY ANALYSIS OF GAS-LUBRICATE, SEU-AC-TNG, PLAN,
CYLINDRICAL,_ JOURNAL -BEARINGS OF FINITE LENGIh, USIN-G
C-ALERKIW'S METHOD. Paper presented at the ASME Lubrica
tion Symosium, Cleveland, Ohio, April 2-3O, 49.
Paper 64-LubS-5.

This paper is based on a Navy supported study (MTI Technical
Report, April 19, 1963, 62 p.) of gas berings. It is essentially

an extension of the work of -Chang and Truper to the stability
study of finite journal bearings usinig Gaierkin' s method. Galer-
kin's method provides an effective technique to solve the time-
dependent, nonlinear Reynolds equation, and it lends itself very
conveniently to determination of the stability for various onera-
ting conditions. Both ecuilibrium and stability results have
been -obtained.

64-032 Chironis, Nicholas
NE DATA ON GAS BEARINGS. Prod-. Engng., vol. 35, no. 25,
pp. 98-101. (1964).

Some of the results of the International Lubrication Conference
held in Washington, D.C. in October 1964- are described. Some
operating problems continue to bother gas-bearing designers. At
themeeting, two types showed exceptional promise in overcomfig
these obstacles; the herringbone groove type, which is a journal
be.4-ing capable of attaining high speeds without showing signs of
instability, and the Spiral groove type, which can take high
thrust loads. The grooving in both of these bearings is very
shallow - only a few thousandths of an inch (or less). The new
design data, which were presented at the meeting will probably
help to expand the range of anlications.
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64-033 Constatinescu, V.N4
2GAS-LIJBRICATED BEARINGMUS SUBJECTED MD VARIABLE FORCES AN
VELOCITIES]. SUI LES PALIERS LUBRIFIES A GAZ, SOLMIS A DES
FORCES ET VITFSSES VRIABLES. (In French). Rev. Roumaine
Sci Tech. Serie Mecan. Appi., vol. 9, no. 2, ip. 263-284.
(1964).

Derivation of the equation of pressures for gas-lubr cated bear-
ings operating under conditions of variable velocities and forces.
Some possible asymptotic solutions of the vrobl- are analyzed.
The effect of distances between the bearing surfaces on the lubri-
cant compressibility is considered for the ease of radial bearings.

64-034 .Constantinescu, V.N.
LDETEMNATION OF PRESSURES IN GAS-LUBRICATED BEARINGS (ON-
SISTING OF RECTAUNGITIlAR PLANE SURFACES-] DETERMINATION DE
RMSOS D LES PALIERS CXIPOSES PAR DES SURACES PLANP

REGCT NGIAIRES, ET LCRIFIrS Au GAZ. (In French). Rev.

Rumaine Sci. Tech. Serie Mecan. ApI., vol. 9, no. 1, pp. 145-
155.. -(1964)

The possibility of determining -the pressures in bearings consisting
of plane surfaces, 'by -using: a particular approximate differential
-equation is examined. For two-dimensional motions, the solutions
are obtained-in a simple form. The_ pressure distributioh is also

deduced in an explicit form for a bearing of finite length consist-
ing of two inclined- plane surfaces.

64-035 Constantinescu, V.N.
ON HYDRODYNAMIC INST-ABILIMY OF GAS-LUBRICATED JOD MliL BEARINS.
Paper 64-Lub-24 presented at ASME and ASLE, International
Lubrication Conference' Washington, D.C.., October 13-16, 1964-.

The dynamic behavior of gas-lubricated journal bearings is dis-
cussed in the light of the author's general theory of small per-
turbations which provides equations for motion of two lubricated
bodies in a system of Cartesian coordinates. The theory and the
stability conditions of two -gas-lubricated journal bearings are
analyzed ar length. A more elaborate theoretical approach is
seen to be necessary to differentiate more precisely between
different types of instability due to perturbations, oscillations,
or their cmbined effects.
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64-036 Constantinescu, V.N.
ON GAS LUBRICATION IN TURBULENT REGIME. Trans. ASME, (J. Basic
Engng.), vol. 86 D, no. 3. pp. 475-482. (September 1964).

This paper first analyzes the transient conditions from laminar tot-urbulent regime for gas lubricated bearings. Then the pressure

equation is deduced for self-acting gas lubricated bearings by using
Prandtl's mixing length theory. A simple method for determining the
pressure and the operating characteristics for bearings operating athigh numbers H is given, based on an analogy with the corresponding

laminar case. The pressure equation is also given for thrust and
journal g;s bearings under variable forces and velocities. The last
two sections examine the influence of turbulence in externally pres-
surized gas bearings atid the influence of inertia forces, respective-
ly. The results obtained show that the turbulence does--not qua!ita-
tively alter the operating conditions of gas lubricated bearings.
Moreover, the influence of turbulence in self-acting gas bearings
is less important than in the case of liquid film lubrication and
even r.egl igible when the bearing operates at high numbers 11.

64-037 Constantinescu, V.N.
APPROXIMATE DETERMINATION OF THE PPRESSURE DIS]TRIBUTION IN GAS
LUBRICATED BEARINGS IN TU-RBULENT. REGLME. (In English).
Rev. Roumaine Sci. Tech. Serie MeCan. AppI., vol. 9, no. -4,

p.771-7-S4. -(1964).

The equation of pressures for gas lubrication in stationary turbu-
lent regime has been demonstrated previously to have the same form
as in laminar regime, namely:

-( "4)

where p pressure, h = thickness of the lubricant layer,
x polytropic 4oiert of the evolution, of the lubricant gas,

(2)2Poh

k .

- H (3)

I elongation for a great value of H. The present paper points
out that with certain corrections the relations for determining
pressures remain valid fot any H number. This fact is demonstrated
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by applying the method of linearizing the equation of pressures for
the laminar regime. By means of the results obtained, the operating
characteristics of zas lubricated bearings are determined, in rela-
tion to their corresponding characteristics in laminar regime.

64-038 Constantinescu, V.N.ON SOME SECONDARY EFFECTS IN SELF-ACTING GAS-LUBRICATED BEARINGS.

ASLE Trmns., vol. 7, pp. 257-268. (July 1964).

Analysis of some secondary effects which can influence the operation
of self-acting gas-lubricated bearings, such as the effect of the
inertia forces, thermal effects, turbulence, and the effect of the
molecular character of the flow, In order to point out their quali-
tative influence, as well as the conditions in which such influences
can be important, the case of infinitely long bearings is considered;
however, for the computation of quantitative effects, the real case
or finite bearings is used.

54-039 Crocker, W.S.
APPLICATIONS OF HYDOSTATIC AIR BEARINGS TO METhOLOGY.
Massachusetts Institute of Technology, Report R-469,
October 1964. AF contract AF 04(694)-553.

Favorable characteristics of this type of bearing are illustrated by
examples. Advantages illustrated are low torque, no stick-slip action,
accuracy of rotation, support with negligible loading, stiffness at
zero speed, higher range of stiffness under extreme loading, Shock
resistance, and nearly constant torque characteristics. The bearings
are compared with ball bearings. There are two disadvantages: an
air supply is required and seismic rnoise affects delicate readings.

64-040-- Crowe, W.E.
GAS-BARING BLOWER MANLACTIUED BY SOCIETE RATEAU FOR THE ULTRA
HIGH TfIPERATURE REACTOR EXPERIME-Nt. Rotating Machinery for
Gas-Cooled Reactor Application, Proceedings, Gatlinburg,
Tennessee, November-4-6, 1963. TID-7690. May 1964. pp. 365-370.

A helium blower operating on hydrodynamic gas bearings has been manu-
factured by Societe Rateau for the Los Alamos Scientific Laboratory.
This type of blower was selected for use in the Ultra High Temperature
Reactor Experiment because of highly radioactive system contamination
resulting from the investigation of unclad fuel elements, This blower
is designed for the gas cleanup loop through which about one percent
of the primary loop coolant will be diverted for the removal of fission
products and other impurities. Each of the hydrodynamic journal bear-
ings consist of three 115P arc, tilting pads. preloaded by means of a
spring on one pad. The thrust bearing, which handles the major portion
of the load, consists of three 600 are tilting pads. Bearing surfaces
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are coated with "Glacier DU", a eflon sintered bronze. All pads
are pivoted on tungsten carbide points. Helium in the motor com-
partment is circulated by means of holes bored in the hollow shaft
above the upper bearing. Design features for this blower are also
described in report LADC 6093 issued by the AEC Division of Techni-
cal Information under contract W-7405-Eng-35.

64-041 Crowe, W.E., J.H. Russell and B. Sternlicht.
A REPORT ON THE STATUS OF GAS LUBRICATION FOR TU_?iOM-ACHINERY.
Rotating Machinery for Gas-Cooled Reactor Aplication, Pro-
ceedings, Gatlinburg, Tennessee, November 4-61 1963.
TID-7690. May 1964. pp. 331-364.

Some of the reasons why gas bearings are being applied to specialized
turbomachinery are discussed. Several of the factors that must :e
considered in selection and design are outlined. Also, attention is
focused -on the limitations of current knowledge and on a number of
remaining, problem areas. Illustrations are given for rotors supported
in self-acting and in externally pressurized gas bearings. These
rotors range from a fraction of a pound to several hundred pounds in
weight.

f 64-042 Crowe, W.E. and Hans Schwarz.
DEVELOMR4ENT OF iJUREX -GAS-BEA-RING OMIPRESSORS. Rotatini
Machinery for Gas-Cooled Reactor Application, Proceedirgs,
Gatlinburg, Tennessee, November 4-6-, 1963. TID-7690.
May 1964. pp. 253-263.

Tko helium blowers operating on hydrodynamic gas-bearings have be:n
developed by Mechanical Technology Incorporated for the Los Alaos
Scientific Laboratory. These blower designs were selected for use
in the Ultra High Temperature Reactor Experiment because of the
highly radioactive system contamination resulting from the investi-
gation of unclad fuel elements. The smaller -of the two blowers is
designed for the gas cleanup loop through- which about one percent
of the primary loop coolant will be diverted for the removal of
fission products and other Tpurities. Hydrostatic journal bearings,
requiring an external source of 12 psi additional pressure, are used
to raise the rotor assembly to avoid wear during- stopping and start-
ing intervals when the hydrodynamic bearings are not operating within
their design range. Each of the hydrodynamic journal bearings con-
sist of four 80 arc, tilting-pads, which become self-acting at 3600
rpm and have been proven stable up to 14,000 rpm. The thrust bear-
ing has two stationary Whipple groove thrust plates pumping radially
inward.
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64-043 Dschen, Y,4.
SEXPERhMS1 WMT BEARINGS CASDYNAMISCE LAGER. (in German).

Brown Boveri Mitt, vol. 51, no. 12, pp. 821-832. (December 1964).

New possibilities are given to the designer of machines in many fields
by the development of safely operating gas lubricated bearings, es-
pecially bearings in high-speed medium weight shafts. A review of the
fundamentals and problems of gas lubrication is given. The techniques
used by Brow Boveri for the sciution of these problems is illustrated
by an example of the design of circulating compressors with helium for
gas cooled high temperature reactors. For certain applications of
thermal turbo machines, considerable simplifications of desien and
thus technological advantages can be achieved by gas lubricated bear-
ings -with the operating gas as lubricating agent. Experiments per-
formed in thg Brown Boveri Laboratories show that the principal pro-
blems of gas bearings, load capacity and stability, can be solved by
-the -proper shape of the contact surfaces, approprjate design and accu-
rate consttuction -of the bearings. In future developments of -gas bear-
ings of larger dimensions, the trend will -be towards higher load ca-
pacity and lower speed of contact rotation. There will be no change,
in all likelihood, in the use of pressurized gas during the short
periods of primig and shutdown, because of the increased ocircumferen-
tial speed and bearing- Load and since ono othet material can guarantee
the- same freedom frod wear and unlimited working life as the lubrica- 4
ting film generateAd by -the pressurized gas. -Based -on the experience
gained in the construction and the development work of gas lubricated

machines and the- optimum utilization of the load capacity of the bear-
ings, as explained in this paper, it can be concluded that it is feasi-
bIe to design safely operating larger turbo machines with gas lubri-
cated bearings.

64-014 Dworski, Juraj
HIGH-SPEED ROTOR SUSPENSION FORMS) BY FUtY FLOATING HYDRODYA-MIG
RA DLAL AND TIHRUST BEARINGS. Trans. ASME, (J En ig. Power), vol.
36 A, pp- 149-160. (April 1964).

A hydrodynamic suspension for a 44,000 rpm gas turbine rotor, with
emphasis on the interaction between the flexible rotor and its sup-
ports is described. Bearings with relatively large clearances are
shown to allow continuous operation at the rotor's first critical
speed of 22,000 m-m. The apparent absence of hydrodynamic system
instabilities is attributed to the use of simple floating-sleeve
bearings. A parametric study of the influence of bearing clearance
upon-vibrational excitation relief is presented, as are test data
obtained on actual system hardware.
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64-045 Dziedzic, Li.
FSLT .I-ASV1EN-T OF A GAS BEARING I. QMLAP SZOZEtaNV w

LOZYSKU C-AZOWflI. (in Polish). Polish Institute of Nuclear
ReSearch. Report PAN-520/IX, May 1964.

The electronic method of the measurement of the shaft position
within the bush iS presented. In the case considered, the lubri-
cation of the bearing is nerformedby use of t gas. The trans-
ducers of the throttle- type ar used to mea-d-re the shaft posi-
tion. Shaft movements cause variarions i- th i-s-edance of in-

ductive transducers which in turn cause + unbalancing of the
a-c bridge of -ich they are part. The b.-U: outppu tn thhe
form of an amplitude-modulated carrier, is supiied to an a-c
aplifier and then demodulated and transferred to the plates ot
a cathode ray oscilloscope, A pilot of shaft movement Aan
obtained by monitorirna the shaft position with respect to the
bush -in two diameters at ri;Eht aPgl- and by supplying the±= t ns by su plyg th

demodulator outputs to the X- and Y-ipates of osci-oseope. The
Te-ec damera 4s used to record -the shaft movemet. in the time
domain. The record is -obtained on the oscillograph film with a
time resolutin of 0.01 sec. The apparatus canbe used for shaft
diameter of 2 in. ammd for rotation of 20,000 -rm.

9
64-046 Ertaud, Andre, jean Friberg and Pierre Maginot.

AERoDYNAIC BEAING U Patent 3,-1143,382. Applie tMav
29 1962. Issued Ausnst[-, '"964. -

This invention relates to -aerodynamic (seif-acting) bearings e,-
-rising- a rotary shaft rotating in a bushing with a slialt ciiar-
ance being n--ovided between these two- parts. The cleat ance is fed
with -a gas under pressure whih -suoorts the -movable sharr through
a eas_ Wee" 4fect similar to the "oil wedge" effet'P which occurs
i plain oi-lric d .- l--- The invention comprises in com-
bination, or the one hand a fine groove provided- jn the central
portion of the nternal surface of the stator ano op the other hand
pumping Means permitting et0austion to be effected at one end or t. e
bearing in such a m - m er -s tO -subect he en to a !low pressure.

64-047 Ertaud, Andre, Jean Fri erof J Pie -e Maginot.
AIR BEA-NG . a,-%

+, c e 3i52,8"5. Aple 11

Issued October 13, !8

This invention consists of a rotatable disc supported by exter-
naly--pressurized gas-lubricated bearigs in conjunction with an
externally--ressurized sphere Other mechanical refinements are
also included. It is cla--ired tmhat this desig results in a low
turbine torqu -nd mnicrr - flIow rates.
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64-048 Eshel, A. and H.i-. Elrod, Jr.
THE THEORY OF THE INFINITELY WIDE, PERFECTLY FLEXIBLE SELF-
ACTING FOIL BEARING. Ampex Corporation. Res. and Engn.
Pub. RR 64-14. December 1964.

The differential equations applicable to the film thickness be-
neath an infinitely wide, perfectly flexible self-acting tape
are derived in this paper. Accurate numerical solutions are
obtained for the film thickness in both the entrance and exit
regions. These solutions have Seneral applicability to situa-
tions where the entrance and exit: regions are separate4 by a
thic3i3 region of uniform thickness.

64-049 -Eusepi, M.W. and P. L~iiso
RESEAROB -ON GAS LUBRICATION AT HIGH TEMPERATURE AND LOW
FLOW RATES. Mechanical Technology, Inc. Fifth Quarterly
Progress Report, Report MTI-64Th53. September 15, 1964.
AF cantract AF 33(657)-10694.

The objective of the program is to Jevelop nitrogen, gas-lubri-
cated, journal and thrust bearings that have the best potential
for-stable operation over the ranges: Temperature: 80 F to
1900 F.; Speed: 0 to 60,000 RPM. This report summarizes the 4
complete expetimental work on the 360 degree hybrid bearing in-
cluding both the inherent and :rifice compensation cases. Also
included in this report is a summary of experimental work cur-
rently in progress on -the flex pad bearing.

:64-050 Eusepi, M.W. and P. Lewis.
RESEARCH ON GAS LUBRICATION AT HIGH TEMPERATURE AND LOW
FLOW-RATES. Mecnanical Tecuniology, Inc. Sixta Quarterly Progress
Report, Re ort MTI-64TR70, December 15, 1964. AF contract AF
33(657)-1

The objective of the program is to develop nitrogen, gas-lubri-
cated, journal and thrust bearings that have the best potential
for stable operation over the ranges: Temperature: 80 F to
1900 F; Speed: 0 to 60,000 RPM. This report summarizes the
experimental work to date on ihe flex pad bearing. Described
also are the efforts which were devoted to readying the equip-
ment for high temperature operation and the start of the high
temperature evaluations on the 360 degree hybrid bearing.

4 "
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6 4-05 1 Eusepi, M.W.,, J.S. Meacher and P,,, Lewis.
RE~SEARCH ON GAS LUBRICATION AT HIGH TEMPERIAMM1E AND LOW
FLO0W RATES. Meclianica. -Technolc'gyp Inc. F'ourth Quarterly
Progress Report, Repor-t M'rTI.41V35, June 25, 196-4. Al?
contract AF 33(657)-064

In the program te develonp nitro&-en, gas-lubricated, journal and
thrust bearings with stable operation -over. a Apeed range, two
bearing concepts were se-ected for experinental work-the 3600
InherentIty compensated hybrid bearing and the flexure-mounted
hybrid pad bearing, The test program and the -results of tests
completed to date are given fLor the -inherently compensated bear-
ing, and the assembly drawings for -the Dad bearinge are presented.
A cumplete description of the test facility is inceluded.

64-052 ,vns J *L.
MODIFIED GAS BEARING IS -ADJUSTABLE" TO) OPTIMLNM STIFFNESS1
RATIO. NASA Tech. Brief 64-10050. August, 1964.

The problem -was- to provide a rapid inexpensive means for- accu-
rately adjusting the radial-to-axicAl stiffness ratio of a- -i§her-i-
cal gas bearing conventional-ly used--in certain instruments. This
type- of bearing consists of -a rotor wi th -conc-ave- spherical -inner-

surfaces that are positioned-by a layer of gas in a: small annular
gap around the con-vex surface of a-spherei Pressurize -d -gas- i s
fed into the gap by -two series -of orifices located at equal lati-
tudes on each side- of -.the equatorial plane (Derbendiculc' -to the
bearing spin axis) -through the sphere. -The stiffns,-rrss
tance to change in gap width as- the load -vares is a. vie by

the- regulating eftect of 'gas-pressure -variations in the gap. The
restoring- forces tending to maintain a uniform gap around the
sphere- can be fesolved into radial and axial components, which in
many instrument applications must be kept nearly equal, In the
unmodified bearing, the stiffness ratio is pri-marily a function
of the bearing geometry, and changes in- this ratio can be made
only by precise machining of these Darts. The solution of the
Drobleni was te add e series 60 gas -passages in the equjatori-
al plan,- of the sphaere which feed into )rif ices chat can be
readily changed in size to provide the desired stif fness ratio.
The -gas passages and orif ice-s are machined at uniform -inter-
vals along the equatorial- section of the -sphere. The effect
of tle equatorial orifices is to increase the stiffness ratio
by changing thea radial stiffriess without charging the axial
stiffness. The magnitude of this effect can be varie!d
by plLtgaing some of the equatorial orif ices or by changing
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their size. Both methods of changing the orifices may be used
simultaneously to provide considerable flexibDility in adjusting
the stiffness ratio of the bearing.

54-053 Feldmeier, J.R.
BEARING RESEARCH SPINS ALONG, Iro Agvol. 194, no. 4.
pp. 102-3. (July 23, 1964).

Research work on hydrostatic, gas-lubricated, and partial fluid
film bearings, rolling element bearings and metal-elastower bear-
ings is briefly reported. At the Franklin I-nstitute Laboratories,
Philadelphia, digital computer programs which require fewer assump-
tions were developed to provide design data forhyotaiber
-ingsi Analysis was completed for predicting performance of self-
acting (hydrodynamic) gas-lubricated, partia -are.. finite-length
journal bearings at steady-state conditions.

64-054 Ford, G.W.K.
Z ME PLACE AND SCOPE OF GAS LUBRICATION. (las Lubricated Bear-

iisedited by N.S. Grassam and J.W. Powell1. Butterworths,
1964. pp. 3-24.

Topics discussed- include classes of gas- -bearings, advantages, and. _

size limitations.

64-055 Ford, G.W.K.
GAS-LBICTG IN SPECIALIZED 1%,CHINES - Eingineering, Vol, 1. 9ci
no. 5135-- pp. 369-3711, (Septembet 1.8, 1964).-

The two main -class"s of -fluid film -bear-ins rdecid. Gaseous -

lubricants score over liquids mainly becauso-of the almost unl-imited
usable temperature-range and their low viscosities. Since gas vis_-
cosities increase with temperature., nd bearing performance conse--
quently improvesi the converse of liquiids, the upper temperature
limits depend only upon the bearing material. The self-acting bear-
ing has usually been selected for application as a gas circulator
because it avoids the need for compxrasing the g~as for the bearing
feed- and iE-or disposing of tbe-exhaust. Other ap 11 ati-znns, suoh as
in liquid pumping, machine tools and digital computers are discussed.

64-656 Foster, D.J.
AN ANALYTIC DESCRT1ION OrF-~ENS- FO STAB 11IZING A 1YRDYMrZC

GSBEARING.. Paber 614 - Lub-!23 Dresent-e at ASM-F and, ASLE.
inte national Lubricatien Cotfrne Wsign Otobet

13-36, 1964.

A bearing design which introduces d=7?iog at the half-rotatjtonal.



frequency is described. Hlydrodynamic plain Joiarnal bearings
with compressible lubricants have failed under Smaller dynamic
loads than those that were predicted by static analysis. Per-
turbation of the time-dependent Reynolds' equationi shows that,
for the plain Journal bearing, there are 'two principal resonant
frequencies in the cylindrical mode, and three in the conical
mode. The lowest rasonant frequency- in both modes, which occurs
at one-half rotational SDeed, makes the plain journal bearing
unsuitable for application in vibration environments. General
performance curves for the new bearing are shown for the static
load-carrying capacity and damping factor as functions of the
bearingts parameters. Data for these plots were obtained from
a tWO-speed analog-computer study, in which pressure distribu-
tion around the bearings was repeatedly calculated while motion
of the rotor was continuously simulated,

64-057 Freeman, A.,2-.
CON1STRUCTION AND TESTING OF GAS BFARING GIYROSOPES.
Massachusetts Institute of Technology. Informal Monthly
-Letter Report No, 45, for the period June 1-30, 1964.
Contract NObs-78136, July 15, 1964.-

The major effort -of the program was dir, cted toward construct-
ing and testing of -gas-bearing gyroscopes. Special effort was
made- to Incretase the slew capability of the fifth gyroscope
wheel package by- grtooving- -two chrome oxide -inners 0.014 in.
-Wde An atrtive- method of heat exchange for the oil -in
the EZ-est station was adopted. It consists of -tapping chi-lied
water f(280F) -from a: neat-%y air-conditioning unit and- piping it
direct-IV into the- heat exchanger.

64-058 -Pricker, HJ..
RY FRIGTION IN GAS BEARINGS AND SHAT SEALS. Rotating

MAchinrery fot Gas-Cooled Reactor Application, Proceedings,
GAtlinburg, Tennessee, November 4-6, 1963. TID-7690.
May 1-964. -pp. 106-120-.

Various materials for gas bearings were tested for -frictional vro-
.n1e rtI'es an.d zitrart-stop; performance. Sintered bronze impregnated
with ?TEr gave low friction and wear at med imi temperatures-. Car-
bon,lubrlcated with MoS,gave low wear- and friction up to high
temueratures (6000 C) -and freedo 1 f-rom seizure. Start-stop per-
fom- ance was determined lbv continuous running plain bearing tests.
hard chrome against cast iron (Meechanite) gave very unsuccessful
results. K-monel aca_-nTst hard chrome shooed somea improvement and
S -m onela d-chrome gave- acceptabole verform-ance, Thn best per-
formance was give by sand or vapi bl-ast 3, MoS 2-tre te nride
stsel against n!.trided steel. - These teats were carried ouLt i n an
inert atinnaphere, n~otly helium, of -lairt purity. Water va~por con-
4eni~rations were between In0 and 20 volumze -parts/million (vpn and
oxygen. below 11 -,w).
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64-059 Pricker, H1.W.
THE CHOICE OF BEARING MATERIALS. Gas Lubricated Bearings,
edited by N.S. Grassam and J.W. Powell. Butterworths, 1964.
pp. 181-202.

The need for a material combination with a good rubbing behavior
is stressed since it is not possible to guarantee contact-free
running at all times. Design and operation factors must be taken
into account as well as material properties such as machinability,
physical and metallurgical stability, strength and elasticity,
thermal conductivity and expansion, chemical stability, and gas
permeability. These are discussed. Suitability of various
materials, surface treatzents, and material combinations are inves-
tigated. Promising materials include: Glacier, DU, PTFE, carbons,
and -dry lubricant films.

64-060 Grassam, N.S., Editor.
GAS LUBRICATED BEARINGS. Edited by N.S. Grassam and J.W. Powell.
Bucterworths, 1964. 309 pp.

This work is based on a three day course of lectures and discussions
-on the design, manufacture and operation of gas lubricated bearings

organized by the editors in the Department of Mechanical Engineering
of the University of Southampton in March, 1963. But this is- -not -
merely a reprint of the papers then presented. The lectuters at
this- course have co-operated with the editors and have expanded and
developed their subject matter, while also obviously taking note of
points raised- in the discussions. Chapter 1, by G.4.K. Ford (U.K.
A.E.A., Winfr-ith) deals with the Place and Scope of Gas Lubrication.
Chapter 2, by D. Pantall (U.K.A.E.A., Winfrith) deals with the Design
of Aerodynamic Bearings and includes calculations of load-carrying
capacities, tilted pad journal bearings, disc thrust bearings, safety

factors, etc. Chapter 3, by S. Whitley (U.K.A.E.A., Capenhurst)
deals with Instabilities in Self-acting Bearings and covers synchro-
nous shaft vibrations, etc. An appendix dealing with the stability
ot aerodynamic bearings has been included in this chapter. This out-
lines- new theoretical work by Dr. H. Marsh at the University of Cam-
bridge and repreents a breakthrough in the problem of half-speed
whirl. Chapter 4 by G.L. Shires (U.K.A.E.A., Winfrith) on the Design
of Externally Pressurized Bearinas covens theory and- discusses the
influence of jet configuration on journal bearings, effect of ex-pan-
sion and deceleration cn pressure profile near the jet, etc Chap-
ter 5 on Dynamic Characteristics of Externally Pressurized Bearings,
by J.W. Powell (Micro-Turbires Developments Ltd.) deals with such
subjects as sy-nchronous unbalance whirl, frcioa s d iFj fractional, speedj whirl,
measurement of radial stiffness and daping, pneumatic instability,
et-. Chapter 6, by the same author, covers the Hybrid Gas Journal
Bearing covering load capacity and stability-. e second section of
the book is devoted to Manufac t ure anad Development. Chapter 7, by
H1W. Pricker (O.E.C.D. Dragon Project) deals with the influence of
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material properties, material combinations and selection. Chapter
8 by D, Pantall concerns itself with General Production Methods,
including inspection methods. Chapter 9 by K.R. McLachlan (Univer-
sity of Southampton) on Techniques of Measurement discusses trans-
ducers, and electronic equipment. The third section is devoted to
Some Specialized Applications. Chapter 10, by A.G. Patterson
(Admiralty Compass Observatory) on Precision Bearings for Gyros,
and Chapter II on the Applications of Externally Pressurised Air
Bearings to Measuring Instruments and Machine Tools, by H.L.
Wunch (East Kilbride) cover between them, typical practical examples
of the use of these bearings. To avoid overweighting the book with
mathematics, the fundamental equations have br' given but the often
lengthy intermediate derivations have been omitted. The book is
profusely illustrated with photographs, graphs, and line drawings,
The bibliography refers to 375 papers and articles on gas bearing
lubrication.

64-061 Gray, D.L.
TESTS USING hYDROSTkTIC GkS BEARINGS. Rotating Machinery for
Gas-Cooled Reactor Application, Proceedings, Gatlinburg,
Tennessee, November 4-6, 1963. TiD-_7690.-May 1964. pp. 303-312.

Fr Two requirements led to the present hydrostatic gas bearing experi-
ment. One was the need for a very sensitive balancing method for
rebalancing the Bristol Siddeley rotary assemblies after maintanance
activities. The successful design and operation of the balancing
machine gave confidence that a circulator for the now defunct
Pebble Bed Reactor Experiment cotid be designed and built -on ORUL.
The test bed was assembled before procurement was stopped. Experi-
mental apparatus is described and there is a section on experimental
results. There are five figures.

6-062 Grossman, 1%, J.P. McGee, Id. sc.warz and Beno Sternlicht.
GENER-L CONSIDET(IOZ S IN ThE -APPLICATION OF G&S BEARINGS TD
LONG 'LIFE -5RoHNY. Pap er F71 presented at SkE aid

-A:SE Air Transport and Space Meeting, New York, NY., April
27-30, 1964.

The application of gas -earings to turbomachinary, n particular
the mechanical considerationsad test results for a high-tempera-
ture as bear:- compressor, is discussed. T-he advantages of usina

bturmaclnerv are: no contamination o1 tihe a.su _
environment by the 1ubr-cant, operation over a wide temnerature
range, resistance to thermal brea-down of the lubricnt1, resistance
to damage by radioCtiviy hnigh relia-ility and long life, elimina-
tion of lube oil systems, and increased overall erriciencv. Thrb-
machinery7 emn-l ing gas bearigs is necessary in nuclear and sDace
fields where high reliability, long ife, and zero contamination
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requirements prevent the use of ball bearings, liquid lubricants,
and seals. The two categories of gas bearings, self-acting
(hydrodynamic) and externally oressurized (hydrostatic), are dis-
cussed and compared on the basis of 16ad-carrying capacity, maxi-
mum stable speed, starting torque, materials compatibility, and
necessary auxiliary equipment.

64-063 Gunter, Jr., E.J.
TE STABILITY OF A FLEXIBLE ROTOR SUBJECTED TO ROTARY D-AMPNG.
Rotating Machinery for Gas-Cooled Reactor Aplicatiop, Proceed-
i Gatlinburg, Tennessee, November 4-6, 1963. TID-7690.
May 1964 pp. 313-330.

One .aspect of the problem of rotor stability and certain system
characteristics which influence rotor motion are discussed. This
analysis shows the effect of foundation or bearing housing flexi-
bility on rotor stability. In the original experimental investi-
gation, it was found that decreasing the foundation flexibility
and introducing damping into the foundation has an extremely bene-
ficial effect on the whirl threshold. From a stability plot, it
is seen that -a reduction in the foundation flexibility will increase
the flexibility ratio, R, and reduce the system critical speed. If
the damping parameter, D, is less that 2, the effect of increased
foundation flexibility wil-l increase the whirl threshold speed. 4

Gunte Jr., EJ., J.G. fink-le and D.D. Fuller.
W EFFECTS OF SPEED, LOAD, A'.) PILM IICKNESS ON WE PER-
FORMANC OF GASLBRICATED TILTNG-PAD JOURNAL BEARINGS.
ASLE Trans., vol. 7, pp. 353-365, (1964).

1his aper deals with the effects of lubricant compressibility on
pressure profile and total load capacity in a partial journal

beating; pivot pressure as a measure of shoe load capacity; shoe
friction characteristics- and optimum sle clearance ratios ror
various speeds. The parameter -A is used as an indicator of the
compressibility effect of gas in the bearing clearance.

j-065. Guntr 7, Jr., E.J., J.G. Hinkle and D.D. Fullte-r.

-AN INVS7-TIGATIO3N OF PRESSURE DISIRIBUTIOIN -IN i.LLICTD
TILTIG-PAD, JOURNAL BOAINGS *OR HiGH-SPE RO *. Rotating
Machiner- for Gas-Cooled Reactor An-lication, Proceedigs,
GatIinb urg, Tennessee, Novemfber U-6, 1963. TID-7690. May 1964.
pp. 273-302.

One phase of the research program involving both theoret ical and
experi-ental aspects of the performance characteristics of pivoted-
p-ad bearings is reported. Two experimentaI rotor test rigs were
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developed: the one of concern here involves self-acting, gas-lubri-
cated bearings. The basic theoretical background for the partial
journal bearings has come from an associated program sponsored by
the Office of Naval Research. This has produced a computer program
for partial journal bearings, the results of which have been used
for the analysis of the tilting-pad journal bearing. m e paper
covers experimental apparatus, theoretical foundations, a discus-
sion ot pressure d-_istribution in the bearing, effect of compressi-
bility on pressure profile, pivot pressure, and finally, a correla-
tion of experimental and theoretical Werfon=e characteristics.

64-066 Gunter, E.J., 3.0. r linkle and D.D. Fuller.

D-E&IGN GUIDE FOR CA-.-L- R rrATED TItTING-PAD JOUIMNAL AND MHRUSTBFARINGS WITH SPEIAL R E-flCE .M1. G-SPf ROTORS. Franklin

institute Research Laboratories. Report I-A2392-3-i, NO-2512-l,
November 1964. AEG contract AT(30-l)-2512.

This report contains the results of a tneoretical and experimental
program of investigation conducted at The Franklin Institute on
high speed rotors supported by gas-lubricated, tilting-pad journal
and thrust bearings. Detailed field m_--s of perfOrmance eharacter-
istics Of the tilting pads are included along with associated design
aspects of the problem to Dermit t he analysis and optimization oL a

rotor support system. Th1e text contains 94 figures and design charts
and 18- nurerica! ex=camles.

6.4-067 Herrman, .t., R.. Beyer and.K Nau ann-r-
GASOU-- BLARLNG. -. Patent 3,137,331. Applied August 14,
1961. Issued June 16, 1964.

This invention relates generally to gaseous bearings and espezially
to a gaseous bearing of the ball and- cup type. The earina descri-eo
is designed :rc use in the support of leads where maninm-t friction is
desired. the angua r freedom of motion of the spherical a-ir b-earing
is 120 degrees in the pitch and roll axis and unimited freedom i
the yaw axis. The support housing contains a vertically movable cup
of a pedestal configuration. Metallic contact between the ball and
cup are substantially el-- mianted by employing a support rinrig forcarrv i-ng the wei ft f the ball when the air pressure is turned off.

A means is Drovided for greater stability in a-n a-- ber-ring by having
an air outlet port at or near the center of the bearing cup.
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64-068 lir, G.G.
THE LOAD CAPACITIY AM STABILITY CHRACTEISTICS OF HYDRODYMIC
GROOVED JOLIAL BEARLNQS. Paper 64 1X -24 presented at ASLE
and-ASM..IE, Lubrication Conference, Washington, D.C., October
13-164 1954.

The resultant pressure components and '-he stability characteristics
of three grooved-bearing types are determined. The determination
is made for the case of near-center operation and noncompressible
lubricants. Bearing parameters are optimized in search for the
best stability characteristics. Behavior at greater eccentricities
and the use of gaseous lubricants are dealt with qualitatively. The
experimental results are found to agree with theory. Grooved
journal bearings are found to have good and predictable stability
characteristics. It is concluded that the grooved bearings can be
stable at center and near-center operations, while plain journal
bearinjgs are not stable for that case.

64-069 Johnson, 1.1. and O.A. Wobig.
PNEIMTIJlC-WR' IS h,?N1'k,(ITED -ThROUQI AIR BEARING. NAS-A Tech.
Brief 64-10!41. July 1964.

There was a problem in providing an efficient system for timultane- 4
ously -delivering :high-pressure air to an- air bearina and to pneu-
matic equipment mounted on a structure supported by this bearing.
Conventional methods for supDplvn pneumatic power to a movable
structure on an air nearing require compressed-air bottles on the
structure or the Diping of air from a remote location using a
flexible hose or rigid passages with rotary seals. -The use ofr air
bottles adds excess bulk to the structure and also causes time to
be lost when it is necessary to replace the bottles. Flexible hoses
restrict the amount of freedom of thu structure, and sealed rotary
joints introduce undesirable frIction. The solution to the problem-
was a system employing a conventicnal air bearing and an air-supported
sphere with a central passage that channels hieh-nressure air to
pneumatic equipment housed on the sphere.

64-070 Laub, JT.L. a -d Frank Batsch.
ELASTICG RIFICE1_ AUG- N TCMkfLCP'Y RE-GULTES GAS BEAUINGS.
MA Tech. Brief 63-10123. june 1964.

Re'zent trends In machine-too Mda instrlnentation techology have
-laced inMcreasing emthasis on the development of exteMnally pr-es sur-
ized liquid bearings tu obLain nerormance characterisrics that are
difficult to ac-lievewith rolling contact bearings. Liquid bearings
are inherently capable of providing smoother operation thai:- rollina-
contact bearings, and eliminate the need for snecial lubricants t-hat
must remain effective in extreme envrorents (e.g., under high
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tl-emperatures or vacuum). Thley have many 1lm-itations, however) among
which is a high frictional resistance at high speeds. Gas lubr-
cated bearingis, on tnE. otnier hand, have low frictoa eitnea
high operating:0 speeds, but thieir use hRas been limited because of
their relatively high power consumptLion (gas pressure x orifice area x
gras velocity) and low stiffness, especially at higher b-earing loads.
A further limitation is that these bearings have ihefcece
and ontimum char acteris ticLs only at the loaetngs 4 forg which they were
designed, since -it h-igh loads not enough g0as flows for lubrication
and at low loadineRs flIows are excessive. Thus,7 a method for automatic
control of gas flow was sought in order to per-it. bearinigs to be
op-erated over wide ranges of loadings and speed. The szoliVon to the
orobiemwa t-ikle use of an elastic, pressur-e-sensitive orifrice to ree-u-
late -the rate of Ras ftlow into the bearirng under varying1-1 loads. Oni-
f ices of thSis kind, in cor-nparative tests w-ith fixed or-ifE ices, apipear
to be more stable and provide great_ er Dearing stiffnesses (especially
at hig2-her loa__ds), lower power consumption, and greater l-oad-carrvina
capacity per unit of Dower consumption.

-071l Lewis, P. and J.S. Ileac-Iher.
RESEAROR ON GA$ q- LIORIQkflIOri AT HIGH TEMPERATLTRES AND-17W TSJV lJw

RAE.Mechnical Technolog;', Inc. Technical documentary
report APLI=P 64-56. March., 1964. APF contract _AF - 33(S)II64

This- report describes the frst year's effort to develop nitrogen)
igas-lubricated, Journal and- thutbearings that have the best
potential for stable op eration at tez~erat!:res to 190 and-speeds
to 60,000 rpm with low filow rates. The re-Iort summarizes matSerialS
selection, bearing types, equipment design, ins trumen ta at , n
ex~erimenatal1 work. Pivoted pad hybrid_ and £1 exible m-ounted hiybrid
pvad bearing~s seemed most suitab'e- load capiacity and gsflow are
cons ider-ed and st'abflitv studies are descrisibed. Growt an d enha nRes
inm geometry are exam ned. Design procedure for a ft ur non-ed
bearinR pad is d2escribed. M-aterials -were evaluated an-he mao-
lybdenum -alloy Th1i wast selected fr= standpoints Of cost, MachiZ-ne-
unityI, and n-os-A'Lvochne ater tini±int

D07or0"onitride wai Sellc.LC a DosSSiuIC sacniriciai eaL '
material.
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part of the analysis treats the case of an in4Cvcressible lubricant.
The dynami..c Reynolds equation is integrated with respect-to theI
space coordinate and the relative displacement of the slider is de-
scribed by a nonlinear, second-order differentiali equation. Pertur-
bation solutions are obtained, which permit successive approximations
of small deviations tram t-he equilibrium g-ap width. The second puart-
of the analysis treats the case of a gaseous lubOricant. A quasi-
static variation of the p-ressure field is ass'---ed and the proJ-lam is
stated in terms of lumed Darameters. The continuity equaition and
the equation of motion are linearized, yieldinlg a third-order differ-
ential equation f or small displacements of the slider-" from the equi-
librim gap width. Resalts are aiscussed-, w1thl -particular ref erence
to the effect of the squeeze nnrnbler, -r . on thle response or the
slider-.

64-073 Licht, Lazar and k.Kf-. Kaul.
EFFECT OF1- MISAIG:RiME2T ON A CRCU-tAR, nPtkY1ESSEHglZED
GAS yflTf&RIC nAt-r -BEMUMG. Tranr ( ofA!l Me-..-

Vol. 31- P, no. pp. 141-143. Otarch -1964).

In their bhrief nzote the, a' 'tbcrs ldevelop an ~tnieMathematical
analysis as a way of futnIshing means of- estin-in~e effects o it -
aligmmen't of' externallyv Pressurized- beatines. It isrecoknized
that- -the problezi is m-athem-ticially cwlxand that1 so tar,
attempts have bCr- made tSo, pred-ict the dynamic response trom -
statkc -tea-rtng -rctrstc . Hwever, -the vrobliemr finds fre-

qu"nt abpitont in systems wheere the predlicti-on of their -1 namic
response, is 01- Eeaz i4-ort-ance- To analyze this prediction was
the scope of th authl-ors briefZ note.

S64-0W Lindner. B-M.
BEATh. U S. Patent 3,ltO 0f33.(t Alwac intrational,

Inc... ApliA ~ 8, 160 ssuedij Ju-ly '14,19.
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64-078 Lynch, R.J.
EVALUATION OF THE STRAT1O MODEL GBNI00-1 AIR ONDITIONING
TURBINE FAN ASShDBLY (PART 103430) INCORPORATING AIR LUBRI-
CATED BEARINGS. Naval Air Engineering Center. Final Report,
RepCort 4AEC-A-177, July 29, 1964.

The objective of this evaluation was to determine the feasibility
of air lubricated bearings for service use in aircraft air-condi-
tioning turbine fan assemblies as an improvement in reliability
over the conventional ball bearings currently in use. A turbine
fan as3embly developed for, but since discontinued for use in,
the A-6 aircraft, was employed. A limited evaluation program
indicated the air bearing configuration used in the assembly
would require considerable additional development work before an
adequate d .termination of the feasibility of air-,lubricated bear-
ings would be possible. The design maximum assembly speed was
80,000 rpm, but failure occurred at 58C00 rpm after a brief
operating period. It is recommended that :dditional development
work be discontinued pending the outcome of current -gas-lubricated-
bepxing investigations noted in this report.

64-079 McLachlan, K.R.
TECHNIQUES OF MEASURDENT. Gas Lubricated EeaEjngs, edited by
N.W. Grassam end J.W. Powell. Butterworths, 1964. pp. 219-233.

.lectronic technicues _re discussed. TranSducers suitable for gas
bearing work are examined. Included are displacement transducers -
capacitance aid inductance type, lorce transducers, piezo-elactric
type force transducers, velocity and acceleration transducers, and
force generators. Electronic equipment discussed inbludes Wayne
Kerr Vibration Meter, cathode follower, photo-electric circuits,
speed measurement, and phase measurement, Examples illuetrating
use of the various techniques and equipment are included.

64-080 Ma, J.T.
AN INVESTIGATION OF SELF-ACTING FOIL BEARINGS. Ampex Corpora-
tion. Res. and Engn P Pub. RR 64-3. March 1964. Navy con-
tract Nonr-3815(0).

Experimental reeull:s on the interior and exit region film thickness
measurements of self-acting foil bearing's are presented and dis-
cussed. These measurements were made with capacitive sensors a-id
conductive foils. The measured and predicted values agree ver - well
within the range of non-dimensional parameters, hoiR, from 1O - 4 co
1C-3 and, T,;L U, from 105 to 106. The agreement deviates for
values beyond these ranges. Empirical erpressions for predicting
the constant and minimum film thickness applicable be-ond these
ranges are also presented. They are valid within the range of ho!p



trm5(~ 5 to 10 and T/U f"rom IO. 0 to 106 Th e "~tv orf
growing sinlusoidal film thickness in the cxii. reglIor; fz t-st predict-id
by Gross is c~learly e-videnced from the phc togra-hs Th-e measkured
wave leniaths chiecked with Earlowls calculated va le S within 6 nercfent.
For a constant relativae velocity, the2- effect o& increasiniz tension is
t-o decrease t-he filmi thickness; _while fLor a constant tension, the
effect of i;ncreasing speed is to in1crease the film thickniess. The
effect of gas compress ib4iy, becomes iGmk ortant for high relative
vclocity; and the effect of surface roughness greatly influenices
either the predicted or mdeasured -values for th!in 17- jU t hic k r as s. The
data presented in this report cover a zanget ot drum linear snt~aeds
from 30 to 1942 in/sec and tape tensiofrm054t3.4l/n

64-084. Maas, M. A.
TORSION WIRE IN LOW.AIhDER FORCE FIXTURE M&$RSON'-teUIARER
DVNE. Design News, vol. {9, no. 6, op 39-3 (aci , 1964).

The fixture, designed by £.S. Sciulli, of- the General Elontrr- Go0.,
was built to deteroine the supporting 9 oirces in a magnfletic *bearingz.
The bearing, designed for spae applicati-mon,'will Qoerate in zero 71

field. The force fixture is suppojrt~td= t-n a stone surface plate,
Fastened to the plate is a w-,elded frame of aluminum I-beams. A gas
bearing mou~nted on the -fra-Ue suppoCrts the weight of the m-agneti1c
bearing rotor and susei sion svstem.

64-082 ?Iahoney, JYW.
HIIGHI Pb jI.7 AIR COPRESSOR SUPPIJIFCIE PERSHING AIR BEAkRIN1kGS.
Hlvdtaulics and Pneumatics, vol. 17, no. 9, rn 15
(.SeptLember _19640.

The air com-res Q assemb7ly is a 4L-stage r~dial piston type with!-
accessory equipment that enables Jit to operate efficiently and
Leliably -tor 'nissihlz ground euppart systems. It ts rated at 12-
scfw discharge at3-000 psig and 4000 " 0 rDmiwt !-ara

1250 V lnd 29.92 in. 11g. It or-crates in z temp,,erature range From
-65 0E12 to 12 0 .Ait outleat -e'mperature isq 25% above ambient.

6 4-0PI83 Malanioaki, S. B. and GC1i.T. Pain.
.UD'C 4QM AG RI TC O THS SPIRAL-GROO TB

-IKRUST BEARING. Paer 64-Lub-9 u-resc;7;te6 at the ASN-E-ASLE
Inte rrat ion al Lub_-rication un. Washjngton, D.C., October

A gyeneralized analysis for spir-1-grov ,ed thrust b-earings is pre-
sented. The ef1-ecrs_ of local radi's are considered. Fr the same
groovi-ag geometry and thte sams instode-to-outstde radius r-atio, the
Lnf low design is shown to be superior in both stiffness and load!
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capacity. Th e analysis also treats a rltva )qvPrPm!in-.
tory moion, of the bearing surf aces. fboth the magnit-id-= ra'nJ phase

anl-(in th,.e temnporal sense) of the bear ratn rdenet
on the frequency o's "the motion.k The -result3 f-or -thp oscillatiing
motion reveal tue possibility ofE a self-excited. rotor-bzaring insta-
bilitY. The -criterion for determnining the onset Of this t-eof

instability is given,

6"084k Mann, D.B., xMIT. Norton and T.R'. Strobridge.
-CRYOGEN11C MAGNET RMEPR~ATIGN. Boulder Labs. Nat. Bur. 5t'arnd.
Rep. 8239, February 1, 1964-

* -Refrigeration procase3 (Joule-Thomson expansion, Brayton cycle,
Stirling c~ycle-. and Claude cycle) were imvetigat-d&, t,49ether with
the reheat concept. Tbte applicability of conven'tional 1turZbipe de-
sign -methods to refrignraltion systems was demonsirate4d Efflclen-

2isof 8OCS inl a turbine supported by gas lubL-icatsd bear in1~e were
ac;Aeved. A Dulsed refrigerat-ion system t'or cccling a magnet w!.th

* oes~ rzed heli um ga.,, was studli extensivety, A polised steady'-
S-W-s rsfrigeration s!13tGi to remove heat Cram the circulatisg sy*s-
tem is discusse&-3 Ref rig-mront properties were also put into rea(:ily
-sable, u-to-date Eform.

6 -08-5 Marshi Harry.
MtE STAB1111): O1V AEROfl"NAMIC ( BA 3AIINGS, PART -.U, NON-

CICULAR BERINW~. Cxibridlge Univers-Ity, Tnglaid. Junel~k

Tis report extet Cs the liriez: Iza theory (see Ref. #63-052 .1M
this bbioraphy) of bearing bzhavicr t6 systems with n*'*n-circ:ular

oerig,:- --otor. The m-in i2nterest ics in Vtte at abi;t of the-ac
non-circular 8ystems, but- t!ne problem oif vibration capaci-ty is also
discussed. It ia -shown that a System a wfth a inzcnircu'i'h: beatine. or
L-otor can te stable viih~n- inlnaded, provided that ertain condi-tiors
are -satisfied,:1 Therz is a marked c'ifference in the b- -havioz ofP
tvco lob-ej be-aring and a three lobed~ beari.ng. For thes2 tvo geecne-
tries, thz effect of varying the bearing parameters leads to, (!m-
Piletely diE-ferent forms for the regiozs of stable ogeration. .A few
expermental results are given for a syst-em fith a three lobi-3
rotori and t ese slfaw good agreement with tEhe thenretical prezliction
of a remian n~f instability at low rotational spc~zdsz. The theory of
bearing stabillftu for f lexiibl y maounted bearing systemh- is exteided

o~ include the efftict of damping in the bearing mountine. A few e.-
perflments k ecie o a baigzo-Std in .a piano wire mesh
ain: t'he results shcw cl ose agreement with the theorc-ieal regiens of
stabliUt,-. From these expeifmantal res~,tsj it is -,:ossibie t,.- derive
rita criterion for whirl cessation in a flexible system, In samne
a.pplications it is importuant that the 1b;_arincz system ^hou'd be able
to wit-stamid vibratio. over a wide range o? Erequeinci'-s without tN-
rotor com-ing ivto contac-t with the bearing wall, 7he wost- severe



codto Soft'en a ni*'.rtizNn st te crizicai) f~~my reratrVS
be"ig aDoult onle hal f of the 2otatX~onal speed. ?or vibrat ions
a-c tii: cnrtca": frequencyI it IS posibleV to jbtai-n a Sml
est-nate for the vibration n-apac-ity based on the lIIearized
theory of b-earing behavior. The eretof a svncfhroun;us rota-
ting _J. iIs dcsc.rtei! for an Abriltrary lubi zant anid a te-w
e~vparimertI resuts a~re z-sen for the stabiliz-ing effect of an

~v-f -alanc,_ rotor oKttntr p-araeters are widely
uszed t~lubricad..4on theory an !-- short discussioin is included
of the eonditions wihmu.it nAe -aifldfor comlete simi-
larity b.c!tweitn two bearil-u.. syster.s4- if smLaritv can be

acheveS..the tis wmav allow a- morc reltiable te-st paau
to be designfled, The theory of gas-bearing S'.niiarity should
be pai Hculzsrly uc--ztul whz-; used in conjunction with the pro-
Dosed e,aratus for det!_-ermining the stabiityv parameters OF
any bearinrg system operating with any lubricsi:t.

4 _! 086 Maher, JS
EXPERINENLAL IVESTIGAT ON' Si'! A STEAM 'LUBRICATED) JOURNAL
BEA~RING. NechaniCal Technology, inc., Report Mill 64TR-40,
Augus-t 1, 1964. Navy contract Nonr-3731(O0) (PIN).

Appaatu ari nrlimnarytesingfor the experimental inves Li-

zation of a steamn lubriicated Journal tbearing is described. The
test bearinig is an exter~nalliy pressurized, doulble-row, ori'fie
compensated type, 3.0 inches 'in diameter an~d 2.0 inches in
length. This work is a continuation of a study of .orocess
fluid lubrication wherein the petforrmanizt of a steam lubricated
thrust bearing has previously -been uwvest igated aiid reported.

Th oki irected toward the developimet of process fluid
lublricated bearings for shipboard iplicaltion. Steam was
thtref ore consi-dered to be the lcbricwnt fluid with most poten-'
tial for practical application. Thne choice of an externally
D_71eS Sur __d te-st1 bearing, rather than a hydrodvnamnic type, was
based on the load capacity requirements of probable shinboard

aplications. Preliminary tests were co,;iducved at room te pe-
ature anid at ±zC.0O F using nit.rogsen inst-ead of steam as lubri-
can-t. A lbase line of bearing performance: ,,as thzuz; established

C.Ir cowI~aCison with future perforiance with steasa at various
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64-087 Mle h Christian, J. Poulain and 1{,W. Fricker.
EXPE t MENTAL STUDY OF TILTING PAD GA BEARINGS, PART I,
RADIAL PADS. O.E.C.D. High Temperature Reactor Project.
D rapon Project Report 306, Part i. December 1964.

An experimental investigation into the behavior of gas lubricated
single radial pads was carried out on special test equipment. A
radial pad consists of a segment of a cylindrical shell, pivoted
in one point, in which the shaft is running. The influence on gas
film thickness and shape of the parameters load, speed, size,
clearance and pivot location was studied.

64-088 Mech, Christian and H.W. Fricker.
EX.PER IM&EAL STUDY OF TILTING PAD GAS BEARINCS, PART 2,
AXIAL PADS. O.E.C.D. High Temperature Reactor Project.
Dragon Project Report 306, Part 2. December 1964.

An experimental investigation into the behavior of single, gas
lubricated, axial pads has been carried out using special test
equipment. The te3t pad consisted of an annular sector running
against the axial face of a rotor. Both running surfaces were
plane. The influence of load, speed and pivot location on gas
film thickness was studied and the rasults compared with various
lubrication theories.

64-089 Mech, Christian.
[GAS BEARINGS]. LES PALIERS A GAZ. (In French). Mem. Soc.
Ingen. Civils Fr., vol. 117, no. 12, pp. 44-52. (December 1964).

The development of the technology of gas-lubricated bearing is dis-
cussed. The subjects treated are: (I) historical review, (2)
characteristics of gas bearings, (3) hydrostatic bearings, (4)
hydrodynamic bearings, (5) mixed systems, (6) orders of magnitude
of operating parameters, and (7) applications. It is concluded
that the use of gas-lubricated bearings is anticipated in the fields
of nuclear and aerospace technologies.

64-090 Modrey, Joseph.
GREEN'S FUNCTIONS FOR JOURNAL BEARINGS. Union College.
Mechanical Engineering Department Research Report. August 1964.
Navy contract Nonr(G)-00028-62.

The Green's Function G(Q;D) for a journal bearing is an influence
coefficient defining the pressure at point Q due a unit of dimension-
less tiow strength fed into point D of the bearing clearance.
Because this concept is directly analogous to the fluid mechanics of
hydrostatic bearings, the Green's Function has its most direct appli-
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cation in this area. On rlhe other hand, hdrodyvnaic kt earinkis can
be pictured as hydrostatic )earings with a distributed external
nressurization defined by the self-actxng effects. Green's Func-
tions are therefore applicable to this area as well. Lineatv of
the Reynolds equation is assumed in the application of Green's
Functions; therefore, non-linear systems must be made piecewise
linear before the Green's Functions may be used. rhe Green's
Functions are given as the sum of a closed form function and a
Fourier Series. The coefficients of the Fourier Series are given
as functions of peripheral source location and journal eccentricity.
With these data it is showm how the Green's Function for any L/D
and source offset can be generated. Data assumes full 3600 journal
bearings but transformations are given for generating the Green's
Functions for 1800 bearinEs as well. The data aiven is applicable
to both compressible and incompressible fluids. By the use of
Green's Function the bearing problem is reduced from one of solving
partial differential equations to one of simple integrations. The
computer programming for integration is considerably simpler than
that for differentiation. This simplicity enables designers not
deeply versed in field equations and their convergence to perform
their own analysis with minimum restrictions on geometry.

64-091 Modrey, Joseph.
SOME APPLICATIONS OF JOURNAL BEARING GREEN'S FUNCTIONS. Union
College. Mechanical Engineering Department Research Report.
November 1964. Navy contract Ncnr(G)-0012-63.

The fundamental Green's Function for journal bearings derived in a
previous report are applied to both externally pressurized bearings
and self-acting bearings. The Green's Function solution agrees
very well with the theoretical solution of a self-acting bearing
with Sommerfeld conditions. Small discrepancies between the Green's
Function solution and experimental hydrostatic bearing data exist at
the higher eccentricities. Differences arise from errors in esti-
mating orifice discharge coefficients, neglect of local turbulent
conditions in the Green's Function solution and tolerances in the
real clearances of experimental models. All three of these factors
seem equally important in an error analysis, hence the accuracy of
Green's Function solutions is compatible with the realities one must
recognize in applying the theory of lubrication.

64-092 Mori. Haruo. Yasunori Miyamatsu,-and Shigeru Sakata.
ThEORY OF THE PRESSURZE DEPRESSION IN EXTERALLY PRE-SS URIZED
TPRUST GAS BEARING WITH CONSIDERATION OF THE GROWMH OF BOUNDARY
LAYIERS. (In Japanese). J. Japan Soc. Lubr. Engrs, Tokyo,
vol. 9, no. 2, pp. 113-118. (1964).

In order to investigate the fundamental characteristics of externally
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pressurized gas bearings, a theory of the pressure distribution in
the clearance space is introduced by using a mathematical model of
the flow in a circular thrust bearing as the simplest case. The
flow model used in this report is advanced from a previous report.
That is, the region II of subsonic flow with the growth of boundary
layers after the concentrated normal shock wave is added after the
region I of supersonic flow which is from a central gas-supply hole
to the shock wave. The region III of fully viscous and isothermal
flow follows the region II. Comparing the results of the theoreti-
cal solution for the pressure distribution with experimental results,
it was found that the flow model is suitable for indicating the
pressure distribution, especially the pressure depression, for this
gas bearing when the supply pressure is sufficiently high.

64-093 Mori, Haruo and Hiroshi Yabe.
ANALYSIS OF _EX TER LLY PESSURIZED CIRCULAR THRUST GAS-BEARING
WITH MULTIPLE SUPPLY HOLES. ASLE Trans., vol. 7, pp. 269-276.
(July 1964).

This is a theoretical investigation, by means of the complex poten-
tial theory, of an externally pressurized thrust gas-bearing with
multiple supply holes and no recesses. By using a suitable poten-
tial function which satisfied the boundary conditions, the pressure
distribution and volume rate of flow for both an incompressible
fluid and a compressible fluid, and the load capacity for an incow-
pressible fluid are obtained theoretically. The optimum radial
position of supply holes, which gives the largest load capacity, is
then found. It is noted that the theory can be extended to any num-
ber of supply holes.

64-094 Mori, Haruo, Hiroshi Yabe and akayuki Ono.
THEORY OF EXTERNALLY PRESSURIZED CIRCULAR THRUST POROUS GAS
BEARING. Paper 64 - Lub-19 presented at ASME - ASLE
International Lubrication Conference, Washington, D.C.,
October 13-16, 1964.

The externally pressurized circular-thrust gas bearing with a porous
bearing surface is analyzed. A "permeability coefficient" is used
to characterize the properties of the porous media. The concepts of
!'equivalent clearance" and "effective restricting thickness" of a
porous layer are introduced which permit an analysis of the porous
material in both axial and radial directions considering flows in
both the porous material and the bearing clearance as being inter-
connected. The analytical and experimental results on pressure
distribution and load capacity are in good qualitative and quanti-

tative agreement.
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64-095 Mori, Haruo, Riroshi Yabe and T. Shibavama.
THEDRETICAL SOLUTION -AS A BOUNIARY VALUE PROBL&II FOR EXTERNALLY
PRESSURIZED POROUS GS-BEARINGS. Paper 64 - Lub-26 presented
at A-SJE - ASLE International Lubri.cation Conference, Washington,
D.C., October 13-16, 1964.

This paper is based on an analysis previously described, in Japanese,
in the J. Japan Soc. Lub. Engrs. 9(l):35-42 (1964)., It attempts to
solve the problem of the externally pressurized porous gas-bearing,
treating the flow in the bearing clearance in terms of a boundary
value problem for a three-dimensional flow in a porous medium. The
approach is found to allow investigations of the characteristics for
different bearing configurations, taking into account the anisotropy
of the porous material, An assumption is sade that the flow in the
bearing clearance is laminar and completely viscous, and the flow in
the porous medium conforms to Darcy's law. These theoretical results
are found to yield a more reasonable prediction of porous gas-bearing
performance t. -an those reported in an earlier paper by these authors.

64-09o Muijderman, E.A.
NEW FORM1S OF BEARING: THE GAS AND THE SPiRAL GROOVE BEARING.
Philips Tech. Rev., vol. 25, no. 10, pp. 253-274. (October 2, 1964).

Types of bearings are discussed in which friction and wear are re-
duced to very small proportions by the agency of a viscous fluid
(lubricant) that serves to maintain a small and more or less con-
start clearance between the bearing surfaces. A "contactless"
bearing of this kind does rot necessarily have to be lubricated
with a liquid, such as oil; a gas is also effective. rarticular
attention is given to gas lubricated bearings, w-ich have been a
practical possibility for the past 15 years or so. A distinction
is made between two classes of "contactless" bearing, the externally
pressurized types and the self-acting types. In a comparative
account of the two classes some indication is given of the applica-
tions for which each is most suitable. Examples of gas bearing
applications may be found in turbo-jet engines, gyroscopic compasses,
nuclear reactors, dentists' drills, etc.

64-097 Mulln, P.J. and H.H. Richardson.
JOURNAL BEARING - ANALYSIS ANDTo COMPARISON WITIH. EXPER MENS.
ASLE Trans., vol. /, c:. 277-287. (July 196).

Consideration of the aspect of the dynamic response of externally
pressurized gas journal bearings concerning the plane vibrat. on
without rotation of a rigid shaft supported by inherently compen-
sated bearings. Luved and distributed parameter analyses of the
inherently compensated gas iournal bearing are developed for small
eccentricity ratios. Curves are presented for static and dvnamic



a4

gas film forces and for bearing gas flow requirements. Experimen-
tat results are compared with the theories for the case of plane
vibration. The results are said to agree reasonably well with the
analyses, considering the difficulty of isolating the gas bearing
and shaft system from external sources of damping.

64-098 Ng, Ghung-Wah.
LINEARIZED FIR STABILITY TFERY FOR FINITE LENGTH, SELF-ACTING
GAS-LUJRICkTED, PLAIN JOURANAL B&ARINGS. Paper 6 - Lub. -28

presented at .ME -ASE International Lubrication Conference,
Washington, D.C., October 13-16. 1964. Navy contract Nonr-
3730 (00) (FBM).

Ausman's linearized PH method is applied to the determination of

the finite length effects in self-acting cylindrical gas-lubri-
cated journal bearings. Rotating polar coordinates are used to
derive the principal equation. The results obtained are generally
consistent with those obtained previously for a wide range of the
parameters invelved. The method is believed to yield conservative
figures and to be suitable for handling dynamic problems of more
complex systems.

-0 Oak Ridge National Laboratory. C6 D099 -to

ROTATING 1tCH-hERY FOR GAS-COOLED REPGTCOR APPLICATION,
PROCEEDINGS, Gat linburg, Tennessee, November 4-6, 1963.
TID-7690. May 1964.

Representatives of the U.S. Atomic Energy omission, the Oak
Ridge National Laboratory, and installations throughout the United
States and foreian countries discuss progress in the development of
rotating machinery for gas-cooled reactors. The equiprr.t covered

in the papers presented include main blowers, shaft seals, gas tur-
bines, gas bearing ci=pressors, and other types of special com-
pressors for reactor or experimental applications.

6 -100 Obrzut, J.J.
FIGHTING FRICTION'S DRAG ON WFION. Iron Age, vol. 193. no. 21,
pp. 133-40. (May 21, 19604)

Gas an thisg et e~asae!ref_:tA
G lec bearinas are cuflyL iscussed 'i this veneral-ti-

Cie. Uses and avant"3ges are aescribed.

Se d -
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EX urtis. IN-Ti~~ -5ING 17 - z;_E:

The results of an ercD-loratEorv exn-err-nenraliInvestlAgatlon or ext-er-
nallv press-urized, conensing EVaporr lbicaed rr- -near neg

beior? are describ-ed. Thne result-s 4 that bearing loae-
caryrn caaciv uingvapr joriant, is somewhait lower roan-

would be expecrCea 11ram a coMpIZ-arale s z-nlea ecoprsie
lubricant. Bea-rii- Sefrac iS4rrnv dpnen n tert

-arti_ acsbcueo rgessi've condetsatilm ~f the lubricant
floingover th3,e coldsrfcs ntato ofthr-cn-c
a- ud- flow pr ocE es reut iawell-defineu lload can-acitv

ror thf aourcteern ra±ed oa brp collampse
orhre b-aarinv inu ztloa oa

M_ 4w exceedd

64-U ur 1 0 Prs
GAS.- LUER11kTE= JO-URIAL BEARS. q. . Patent2 3129,!3?

Appl D-ecCM-ber 'r6, 1961; nr Ari n,194
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crit_-at mass. An excess o rotor mass causes instability if
the effective dxapirT-g increases with frequency, at the character-
istic frequency, and converseiv. For unloaded journal bearings
possessLng rotational symmetry, the stability map can be con-
structed from their steady-whirl solutions. An exa-ple illustra-
ting the latter case is given in terms of a herringbone-grooved
jcuzrnal bearing. This method of stability analysis is applicable
to both thrust and lournal bearings for both whirl and pneumatic-
hamer instabilities.

64-!14 Pan, C.HT . and others.
±dE LFLNITELY LONG PARTLL ARC SELF-A=DIN GkS BmkRIG - A

MET OD OF SOLUTION FOR TE FULL RANGE OF -Th R OMPRESIBILIW- I
NL . Mechanical Technology Inc. Report Nfl 64-M50.
November 3&, 1964. Navy contract Nonr 3730(00).

Modifications which mut be made to Galeri-'s metho in treating
the static soluftion o' an- infinitely long -partial-arc, self-acting
gas bearing are descried. A siw!lified matheatical procedure
for calculating quicky and with reasonable accuracy the loads and
center of preasure for the bearing described is given in detail
The use of the parameter M (which contains both X and the exit
film thickness) rather than A alone is justified by the results.
Lower values of M require teer te-= but high values may recuire
more than 6 terms. Stability calculatins can be nerforM-d usingresult obaie --- _e

r lts obtained from this procedure. The results obtained by use
of the procedure discussed are more accurate for values of .
lower than about 10.

64-105 Pan, .n.T. and B. Sternlicht.
CXIMRARISON BEst...101C.JDS AND EXERURaflNT FO WeE ThPRSHOLD
OF ITTABILI TV OF RIGID ROTOR IN SELF-AUrLNG PLALN-YU ICAL
JOURNAL BEARINGS3. Trans. QSE,(. Basic Emnggi, Vol1. 86 D,
no. 2, pD. 321-327. (June 1964).

1ne threshol -f hcyr hirl for a r^tt-A r. ri self-
acting, plain-cylindrical journal bearings is analyzed by several
methods, and the results are compared. The correlation among the
various anroaches appears to be good. The s 4n-est methoA or
analy-s is, therefore, used for comparison with exerintat data
Experimental results showing the effect of bearing length nd tea r-
ing load are comared with theory. The influence of earing le g1t -
on the threshold speed follows closely the trend of the calculated

results; however, the experimental threshold speeds are alwa.sa.~~v t--..~ spe A ar alS.Z- elittle hiher. In comparing the effect of bearin- load it is see
that the calculated threshold speeds are conisttently somewhat over-
peas zisticbut the influence of rotor inclination is in very vood
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als, Various dyi.amic measurement and test methods are discussed.
Special problem such as friction, 'wringing', and debris are
examined. Work is described that was dope on aerodynamic bearings
for gyroscopes having wander rates of the order of 50/hr. This
was conducted at the hdmirality Surface Weapons Establishmenz.

64-109 Pears, C.D. and F.J. Digesu.
GAS-BEARING FACILITIES FOR DETEPMINING AXLIL STRESS-STRAIN
AMD IATIA1L SIRAIN OF BRITTLE MATERIALS TO 5500 0 F. Paper
presented at the Annual Meeting of ASTM, Chicago, June 1964.

Facilities have been developed for the determination of axial
stress-strain and lateral strain of brittle materials to 55000F.
This paper describes those facilities and presents performance
data that confirm the improved capabilities. Gas-bearings were
developed that permit the application of uniaxial loads to speci-
mens in tensica and compression, and specimens with shear gage
sections. Also, optical strain analyzers were developed that
follow the axial and lateral strains with an uncertainty of no
more than 20 /iin., thus permitting precise measures of modil'us
of a ceramic such as alumina or beryllia. BL,.h graphite ana
tungsten furnaces were developsd that can be used to heat -..e
specimen radiantly to temperatures in excess of ;000 0F.

64-110 Pelechl Ivan and A.H. Shapiro.
FLEXIBLE DISK ROTATING ON A (AS FILM NEXT TO A WALL. Pap
64-Aa.1-14 presented at the Summer Conference of the ASME,
Applied Mechanics Division, Boulder, Colo., June 9-11, 1964.

The flow generated by t' rotation of a flexible disk next to a
wall is analyzed for small Reynolds numbero. A nonlinear differ-
ential equation for the radial variation of the pressure and the
gap width is solved simultaneously with the equation governing
the deflection of a spin-ning circular membrane under axial
pressure load. Optical methods are used to measure the gap width
experimentally. The theory agrees well with the measurements.
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Pietnch, Anthony.

Dresenc E' at the American Institute of Aeronautj-cs 3.1d
Astronautics, Society of Atctomotive Engineers, ASYIE, later-
aaency AMdvanced Poywer Group, and Electron Devi.ces Group- of

~.he nsti~ie rfElectrica! and Electronics Engineers,
Biennial AEr1ospace Power Systems Conference, 3rd, Phila.,
Penna., Snptember 1-4, 1964.

A IBrayton-cycie F-DCe Do-wer system Is described, The system, whicht
i.s ilusrae, ccnsists Of: (1) a 2olar energy collector: (41) a
heat-receiver/s torage unit; (3) a recu.kwvator; (4) % combined rotat--
itig Unit; and (5'1 a radiator. This is a single-phase working-fluid
cycle using inert gas in a closed power-conversion loop. Also shown
is a con.ceptual illustration of a complete Brayton-'cycle space
power system. The development work p~erformed on heat receivers,
compressors, turbines, gas bearings, recuperato_-s , and radiators is
described.

64-n12 Powell, J.W.
D YN AQ1IC CHAPLACTERISTICS ,)F EXTERNALLY PRESSURIIZE'D BEArUNGS.
Gas Lubricated Bearings, edited by N.S. Grassam and JI.W.
Powell. Butterworths, 1964. pp. 140-161.

Methods for recognizing various forms of instability are given and
remtedies for instability are discussed. Synchronous unbalance whirl
is examined, equations for various types are given, and ir.;version
speed and whirl at resonance are discussed. Fractiomal speed whirl
is examined, whirl onset speeds, factors affecting them, and running
through wirl are discussed. M~ethods of measuring radial stiffness
and daMning,- before a machtine is run for the fiL-st tire are investi-
gated. Methods include static loading-, sh~uck loaiding and forced
vibration, Pneumatic instability is also discussed. Pneumatic
hammer occurs in bearings in which _,!as is fed through a small feed
hole into a pocket of relatively large volume and" self excited
resonance is associated with ch(,ked, or nearly choked, feed hole
conditions, and the frequency of vibration is always cluse2 to the
natural frequency of the rotor mass and the bearing- stifns

64-113 Powell, JI.W.
THE HYBRID GAS JOURNAL BEARING. Gas Lurfated Bea:7inc, edited
by N.S. Grassam and J.W. Powell. IButterworths, 1964. pp, 162-178.

Load capacity, design, economic factors, stability and applications
are discussed. The load capacity can be considered to be derived
frmtetosore fetrnally-pressurized pressure and the self-

acting pressure. Prediction of load capacity is complex but some
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act 'ug effects as Zrdependent and by combinir.g the effects by the
addition of load vectors. geara.ice ratio, the ratio of the mean
radial ciearance to the tearing radits is =n imotant design uarame-
ter, Other design factors sunh as eccentricity ratio, baaring
pressure factors feed hole diameter, externally-pressurized stiffne2s,
self-acting load vector, and length-to- diameter ratio are discussed.
Gas Consamption and pumping power requirenents are important economic
factors. Methods of reducing costs by improved bearing design are
discussed. Self excited h. If-,speed whirl occurs in hybric bearings
at a speed approximat5y equal to t-wice the synchronous resonance
speed. Methods of preventing this are discussed.

64-114 Powell, J.1
EXPERIhENTS ON A HYBRID AIR JOURNAL B A RI G
LtM-li, presented at AS1E Winter An.ual Meeting4 Nev York,
N.Y., November 29 - December 4, 1964

This paper consists of a description of quasi-static load experLmnnts
to obtain performance data for exterpally-pressurized hybrid air
journal bearings. Measurements ware maie on externally-pressurized
stiffness and stability, ani on the variation of the self-acting load
increase wisb speed, elearance, and gage pressure ratio. The results
are compared with those of a linear superposition theory, and it is
found that, while the thenrv is of soce value for a qualitative
description of the loadc-arrvtig performanqe oC the bsearing, it seri-
ous!v underestimates the load c&L<acty. therefore, if used for de-
sign purposes, the theory requires empirical±; derived corrections.

64-115 Powell, J.W.
GAS BEHIAVIOUR, AND rLAD Q4?ACITY OF (-"YRODYN-AIC GS JOURNAL
BEARINGS. Lubrication and Wear Convention, Proceedings,
Bournemouth, England, May? 23-25, 1963. Lubrication and Wear

Group of the Institution of Mechaical Engineers, 1964.
pp. 113-125.

When Harr.i-zon formulated the basic theory of hydrodynamic gas joucnat
bearings he assumed that the gas lubricant obeyed the isothermal law.
Ausman deduced a generalized form of Harrison'°s equation to take
account of any index cC exprusior of the Las lubricant between upity
and the adiabatic constant~ i . Ausman deduced that the gas
±u--ricant obeyed the adiabatic law. Although Ford, Har-is and
Pantall obtained experimental results in four ifferer gases with
thrae ren v-lues cf I , no definite conclusions were drawn
regarding thE effect 3:;' on load capacity. A paper by Katto aud
Soda concludes :hat under certain conditions the gas behaviour can
differ suUstantially from the isothermal law. In the presaet work
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0t Zhe recess, is descriead. The nat-sDhe'tcal £ecess is formed
in the bo tom of a relatively spacious chamber of the ocket and
means are provided for the supply of lubricating fluid to the
chamber and the discharza of the fluid through the passage. At
high rotational speeds, the lujricatjng fluid splutters away from jj:
the equator of the pintle globe so violentlv tha the supply of

abrica-ting fluid to the bearing is hampered or cut off The pre-
vent this, grooves in the wall aof the part-spherical recess of the
socket are recommended. These grooves are in direct comwinicati x
with the chamber. The positions, direction, and/or shapes of the
grooves so differ from those of grooves l.ing in meridian planes
&f the pintle glebe that the resultant of the fcrces exarted on
the lubricating fluid in the grooves by the rotation of the pintle
has a downward comDonent.

64-118 Rice, J.R.
MISALIGI1ENT TORQUES OF HYDRODYNAIIC GAS-LUBRLCATED JOb URNL ---

AkINGS. Paper 64 LubS-9 presented at ASME Lubricatioh i.
Smposium, Cleveland, Ohio, ADrJl 28-30, 1964.

Recently Ausman has made a narturbation analysts of the torques
produced by the misalignment of gas-lubricated journal bearings.
The results of such an analysis are adequate for engineering
design work only if the eccentricity ratio iS s=ethiig less
than 0.5. In -his paper, design curves for isalignmernt terq uas z
are presented which are valid for high ecentricitv ratios. I
These design curves are compited by numericallt solving th2
governing Reynolds equation by a difference equalon technique.

t-Ily conditions of zero net load are c-Dnsidcvedg.

6-1 19 Richman, Jay
AIR BEARING. U.S. Patent 3,136.589- AppDLed -March 1, 963
Issued June 9, 1961&.

This invention relates to an air bearing and more narticularly, to
vacuum apparatus where an element is supported with an air bearing.
An ultra-high vacuum svystem_ nc-ludes an evacuated container having
a bottom wall. The contaiLner is evacuated by means of a conduit
communicatilng with the chamber insice the container. A vacuum
pump is placed in the conduit. This invention is of genera! anli-
cation and may be ut-i iZed in a wide variety of different ultra-
high vacuum systems. For exa=p le, tha system_ may be a laboratory VP
device for testir4g and det-naining the effect on a rotatable member
under evacuated conditions. The container may be part of a system
simulatina conditions in outer space designed to deteru ti the
effect on a rotatable element t hich will be rotating in a *u-ntanr w
tial vacuum ,wih minimum fzictio-nal resistanc.
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64-120 Rood, L.H. and G.J. Erickson.
DYNAMIC BEHAVIOR OF SELF-ACTING GAS-LUBRICATED THRUST BEARINGS.
Paper presented at the 19th ASLE Annual Meeting, Chicago,
Illinois, May 26-2S, 1964. Preprint 4BI.

Measurements of gas thrust bearing film thickness under sinusoidal
loading are discussed. The results show the effects on film thick-
ness of spiral groove pattern changes. The instrumentation used is
also discussed. Experimental results from the vibration of gas
bearing spinmotors for gyroscopes show the change of the gas film
thicKness with vibration frequency. The effects of spiral groove
thrust bearing parameter variation are shown. The instrumentation
used emoovs capacitance probe techniques to sense the small deflec-
tions occuring under sinusoidal loading.

64-121 Salbu, Erik
COMPRSSIBLF SQUEEZE F1IS ANID SQUEEZE BEARINGS. Trans. A-.
(0. Basic Engng.). vol. 86 D, no. 2, pp. 355-366. (June 1964).

Experimental agreement with a inite-difference solution of the
isother-al squeeze film equation was obtained for steady-state
sinusoidal squeeze motion of parallel, coaxial disks. At low
squeeze number, the film force is in phase with the velocity; at
high squeeze number, with the displacement. Compressibility
effects at high squeeze number introduce a superambient mean film
pressure, so that it is possible to operate a gas bearing on squeeze
effects alone. T1,hrust bearings, spherical bearings, and journal
bearings have been successfully operated as squeeze bearings, using
b6th electromagnetic and piezoelectric devices to generate the
squeeze motion.

6A12 Schively, D.
OPERATING M RACT-.iERSTICS OF -1E GAS BEARING COMIRFSOPS OF
THE PRMP, GAS-COOL-ED LOO-P FACILIIY. Rotating Machinery for
Gas-Cooled Reactor Apol _cation, Proceedings, Gatlinburg,
Tennessee, N-, 1963 TID-7690. May 196". Dp.

A brief Aescription of the compressors is given, including assembly
data and operating Liits. The compessors are of the hydrodynamic
Vas b e aIn_--, ti-me, Sing stae, with radial vaned impeller. Test
results i-dicate that these machines appear full reliable and
suitable for circulation or carnon dioxide or orte r C-.Datible gas

in the F--.-R Gas Cooled Loop Facility at inlet conditions of 660F
an.d 4 65 psia. Tre possiniiity or lae -r, gher-temperature-rated
achines appears attrotiye even though scale-up of designs for
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smaller machines has proven difficult. Limiting items on the PRTR
Gas Loop compressors are the bearing material and stator insula-
tion. The temperature limitations imposed by these materials sug-
gest further developmental investigation in this area.

64-123 Schubert, E.
BEARINGS. German Patent 1,!77,87S. (to United Kingdom Atomic
Energy Authority). Applied October 17, 1958. issued October
12, 1964.

This describes a gas-lubricated journal bearing which may be used
in a nuclear plant and is modified for increased load capacity.
In sequence from one end, the bearing has a ring of orifices for
admitting pressurize4 gas, a circumferential gtoove for venting
gas, and a special arrangement which may create a circumferentially
asymmetric pressure. This arrangement comprises a pressurizable
pocket in the bearing surface, and an adjacent opening(s) such as
rows of vent holes.

6-4-124 Schwarz, Hans and J.P. McGee.
DEORIE ID C OF A HIGH-TREMPERAU-FE I-Lii4 COMPRSOR. Rotating
Machinery for Gas-Cooled Reactor Application, Proceedings, 4
Gatlinburg, Tennessee, November 4-6, 1963. TID-7690. May
1964. pp. 236-24.

The components of a hot gas circulator, using gas bearings, de-
signed by Mechanical Technology inc. are brieflv described. The
specifications are as follows: gas- helium; ambient pressure -
500 psia; inlet tzmperature - 1000F; flow rate - 450 lbs/hr.;
pressure rise - 10 psi. The bearings are identical 4-pad tiltinE
shoe ty-pe, 2 " diameter with an L/D of 0.65. Radial ad-ustment
means are Providoed. ie tleist bearifng is a 0-/A" O.D., 1-7/16"
I.D. carbon-graphi.e .rin with an -inward pumping 'Wnipple' groove

pattern. Trhe running filtm thickness was measured at 800 micro-
inches. Shaft jacking is obtained from two 1200D ar--c fixed pads
adjacent to the main bearLgs. instrmentation used to observe
and measure the bearing gas film thiickness is described. Future
trends are noted.
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A9
hearings, and its application to b-earing design. Tests conmducte
to verify the theoretical coinputat-ions of such bearings arede

6 4- 13 3 SPeen, 0.8.
GAIS BRARINGS IN PRE-CISION T-NSIRIML3-n4Th. Eleatromeen uo~oEs
Sy.stems Design, VOIl. 8,n. pp. 103 Arl1964).

The features of gas luricated nuear-ings sir;z~:f icant in prcii
instr' ent applications are asiccussed. -Advarvtage n disa&-

vapag~ ae lstd, as well as ge ner-al rules frthe basis o
intelligent approach to the apliato ofgslbiat-ed bearings.
I f these rules are all1 satisfi'ed, a successful desig-n inprcvemet
is virtually assured-, If not, thUe design can. easil7y fall in4- tr!e
trap of overIenthusiasm an-d obtain lower reliability. , poorer -per-
Mom ~ce, or more expenisive diesig-n. A fzew typvical exanples (;yr--
scopes, accelercmeterTs, inetia pltomgi-a earings) are
iven to illustrate tbm- advantageS of applyvina gas otaringis, the.
penalties paid for thizsau som o te hiking used i-n the
evaluailon -

6413 Spies, R.,
L-NV&SI-rITIN FOF CONI -JRflC 'VA1O LUBRICATE' xR:FSAMflX
J0UMNzL&T BEAPTNGS - Rocketdvne. Final Report for% n.erioo
October 1, 196-3 - June 153 1954, epr R541 uy1,16
Navy cntract Nonr 3617(00-1.

A test crg~io stemIhctd iournal bearings has beeni'
pleted. Grooved 2 n~c a- ngrore hav been-n flneate -v

ranage or Superheat-. Pefo'mrme da1-ta have been ot-tatned and -the
effects of ciear-acc, 6 em 7rr lOo, and sPeeA mre AiscusE- .

6 4135 St 1 eA.
FURIIIEQ LbMEI ON Zh PREmSSUR DEPRESION 1r7 N M'U '

p.3,56-376. (ctober 1,964) .

The work Of- sevral Ar ___ __ ssre-dec-ressAio effect in
externaly press-urizeoA us>Lic~ A* berig is prsned

orovea~~~~ Lanmri4 otua n ,,rIetal vevece are intro-
dced.- Ae use -of the free-suwr-a~c water-table analog asran

.U; U Im ttf L; n M. .- sis presented. The ,aifte a o 1 e~ liS th imlai

isetzo ufc;T~aZa c---an ns f ---imm --I~a;-the two d m 9
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generators. All applications utilize the above-mentioned advan-
tages. Several future applications of gas b-arings in the more
exotic areas are predicted.

64-138 Stern!.icht, Beno arl, L.W. Winn.
GEOMETRY EFFOCTS ON THE 17HRESHOLD OF HALF-FREQUENCY WHIRL IN
SELF-ACTING GAS-LUBRICATED JOURNAL BEARINGS. Trans. ASME, (J. 6
Ba .ic Engng.)o vol. 86 D, no. 2, pp. 313-320. (June 1964).

This article is based on an investigation sponsor:z4 by Navy contract
Nonr2844(00)(General Electric Company report, AD-266 016, published
October 16, 1961). Variations in geometry include a fine orifice in
the bearing vented to atmosphere, two or three axial grooves in the
bearing (groove orientation varied), and combinations of grooves and
orifices. Plain bearing results are given for comparison. Details
are also presented of computer solutions for steady-state load capa-
city for the grooved bearings. Conclusions draw attention to the
need for theoretical analysis of the half-speed whirl condition.
The analysis of Marsh, "The stability of aerodynamic gas bearings,"
[Cambridge University Ph.D. thesis, March 19631,*although not avail-
able to the authors at the time of publishing their article, will
predict the whirl threshold speed of the axial grooved bearings to 6
approximately 10% accuracy and is capable, with minor modifications,
of predicting the results for bearings with orifices. (See Ref.#63-052).

64-'39 Strass, WilLried and Bernhard Schreiber.
[GAS-LUBRICATED, STATIC JOURNAL BEARING]. GASGESCHNMEIRTES
STATISCHES GLEITLAGER. (in German>. German patent 1,183,744.
(to Linde's Eismaschinen A.G.). Applied June 24, 1960.
Issued December 17, 196-v

This particular journC bearing is designed for radial and/or axial
thrust with at least cne restrictor between gas ir'et and bearing
gap. One bearing-half consists of single compone..g. whose contact
face runs at least partly in the direction of the bearing gap. The
restrictor is ; shim mounted between the bearing-halves and has
slits open to the bearing gap to form inlet nozzles for the gas.

6

64-140 Togo, Shinichi.
STUDY ON HYDROSTATIC AIR BEARINGS. PART Il. (in Japanese).
J. Japan Soc. Prec. Engng., vol. 30, no 6, pp. 468-474.
(June 1964).

This paper describes the method for determining the pressure dis-
tribution and the load capacity of hydrostatic air bearings using
the conducting sheet analogy. For bearings of constant film thick-
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ness, the pressure distribution ,d the bearing mean pressure of
thrust bearings (the single pocKet square type and the thrust
ring type) are investigated. For bearings of variable film
thickness, the pressure distribution of the journal bearing under
eccentric condition is obtained for eccentricity g 0.2.

64-141 Trugman, L.A.
SOME TESTS ON HYDRODYNAMIC GAS BEARINGS AT NORMAL AND ELEVATED
TEMPERATUIRES. Paper presented at -he 19th ASLE Annual Meeting,
Chicago, ll -8. May 26 1964,

in order to develop a miniature rate gyroscope capable of operating
at extremely high temperatures, a gas bearing spin motor assembly
was required. Some of the efforts to achieve this goal are pre-
sented in this paper. Gas bearing test results are presented for
various bearings operating at temperatures as high as 1000 F and
speeds as high as 275,000 rpm. Rotors fabricated of tungsten
carbide, nickel base alloy (Ni-Cr-Fe) and 440 C stainless steel
were evaluated during this study.

64--142 V.ivi~an, C.H.

AEROD!NAMICS IN VEERY SMALL SPACES. Compressed Air Magazine,
vol. 09, no. 4, pp. 11-15. (April 1964).

A brief history of the development of research in gas lubricated
bearings is given. The two principal classes of gas lubricated
bearings, self-acting and externally pressurized, are defined.
Advantages and shortcomings are listed. Applications ,f gas
lubricated bearings include precision grinders, centrifuges,
turboexpariders, gas circulators, rotors for closed-type gas tur-
bines, air-cycle refrigeration machins, motors for refrigeration
defrost fans, yarn spindles, preci-ion measuring instruments,
gyroscopes and related device., e lement-- of computing machines,
memory storage drums, jigs, tools, and fixtures of various types.
A short summary of the state-of-the-art is included,

64-143 Vohr, J.H. and C.Y. Chow.
CHAAC'UERiSTICS OF HERRINGBONE-GROOVED GAS-LUBRICATED JOURNAL
BEARINGS. Paper" 6a-Lub-15 presented at the ASMIE-ASLE Interna-
tional Lubrication Conference, Washington, D.C., October
13-16, 1964.

This paper is based on an investigation at Mechanical Technology,
Inc. sponsored by Navy contract Nonr-3730(00) [RepG:ts MTI64TRI1,

AD-436 263, (April 2, 1964) and M'T163TR52 (January 1964) 1 . A
differential equation is obtained for the smoothed overall
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pressure distribution a&-ound a herringbone-grooved, gas-lubricated 6
journal bearing operating with a variable film thickness. The equa-
tion is based on the limiting case of an idealized bearing for
which the zumber of grooves approaches an infinite number. A
numerical solution to the differential equation is obtained valid
for small eccentricities. his solution includes the case where
the journal is undergoing steady circular whirl. In addition to
the usual plain bearing parameters L/D, A, and whirl speed ratio
6)13/(W + (L2) , the behavior of a grooved bearing also depends on
four additional parameters: The groove angle 9 , the relative
groove width a , the relative groove depth H and a compressi-
bility number, As , which is based on the re~ative speed between
the grooved and smooth numbers of the bearing. Results are pre-
sented showing bearing radial force and attitude angle as functions
of R, D Ho , As A, and whirl speed ratio.

64-144 Vohr, J.H. and C.H.T. Pan.
ON THE SPIRAL-GROOVED, SELF-ACTLNG, GAS BEARING. Mechanical
Technology, Inc. Report MTI-63M.R52, January 1964. Navy
contract Nonr-3730(00).

A differential equation is derived for the smoothed overall
pressure distribution around an arbitrarily-shaped, grooved,
journal bearing operating with a variable film thickness. The
equatio is based on the limiting case of an idealized bearing
in which the number of grooves approaches infinity, but it is
expected that the equation wo'ild apply quite well to a bearing
with a large but firrdite number of groo-'es. An analytical solu-
tion is obtained for the pressure distribution around a spiral-
grooved, cylindrical journal bearing valid for small eccentrici-
ties and incompressible lubritant. The analysis shows that
appropriate grooving of journal bearings can result in a signi-
ficant improvement in radial stiffness and a significant de-
crease in attitude angle for the bearing. These results indi-
cate that grooving could be used to enhance the stability of
journal bearings.

64-145 Walkling, E.S.
JACKING SYSTM FOR GAS BEARINGS. U.S. Patent 3,162,492.
(to Bristol Siddeley Engines Limited). Applied October 27,
1961. Issued D-cember 22, 1964.

This patent refers to an exteraally-pressurized means for jacking
a rotor, no1mally ZUDDorted on self-acting bearings, and creating
separation of bearing and roto- at starting and under other condi-
tions when the self-acting film is inadequate to support the load.
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64-140 Warnock, Lyle.SQUEEZE-FILM TECI4NTQ!EU SUSPENDS INERTIAL GYROS, ACCELEROMETERS.
r. r~ ")-- . %' L

Aviation Week, vol. 81, no. 18, pp. 48 and 52. (November 2, 1964).

Lear Siegler's Instrument Div. has developed a technique which in-
volves air suspension or an accelerometer mass or a gyro's pre-
cession axis but, unlike previous air bearings, it does not require
an external air source nor does it require motion of the supported
member to develop the suspension forces.

64-147 Wernick, R.J. and G.H.T, Pan.
STATIC AND DYNAMIC C1ARLACT'RISTICS OF SELF-ACTING, PARTIAL-ARC,
GAS JOUPRNAL BEA.RINGS. T-ans. ASIE, (J. Basic Engng.), vol.
86 D, no. 2, pp. 405-413. (June 1964).

Tha Reynolds equation applicable to a self-acti-g partial-arc gas
journal bearing is perturbed in terms of the compressibility num-
berA . The resulting set of ecuations is then put into a stan-
dard form and Galerkin's method is used to obtain bearing loads
and stability derivatives. These results are expressed in a power
series in A

64-148 Whitley, Stanley
INSTABILITIES IN SELF-ACTING BEARINGS. Gas Lubricated Bearings,
edited by N.S. Grassam and jW. Powell. Butterworths, 19611.
pp. 85-109.

Tonics discussed include vibrations of the thrust plate, synchronous
shaft vibrations a'id half-speed whirl. Experimentaliy determined
values of dynamic stiffness are presented for plain bearings, bear-
ings with holes or axial slots, with circumferential pumping grooves,
and pa-: bearings. An appendix deals with the stability of self-acting
bearings and outlines nw theoretical work by H. Marsh dealing with
half-speed whirl.

-4!49 Wilcock, D.F.

DESIGN A)ND PERFORMANCE OF GAS-PRESSURIZED, SPHERICAL, SPACE-
S1NMULATR BEARINGS. Paper 64-Lub- Th presented at ASME and
ASLE International Lubrication Conference, Washington, D.C.
October 13-16, 1964.

This paper consists of a consideration of space-simulator bearings
of the externally-pressurized, gas-lubricated type and of the
stringent requirements they must meet. Of primary importance is
that they contribute as r.1 arly as possible zero error torque to
the supported simulator structure, dnd that chaiges in this torque,
as the structure is rotated as desired about all three axes, be
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I
extremely small. The bearing must be stable and free of vibration

under all conditions and, under the more sophisticated simulators,
the bearing must sustain lateral as well as vertical loads with

close control of film thickness. Bearing-design parameters and

equations are established. A detailed computer analysis explains
why these bearings cannoL De operated below a certain minimum film
thickness. Errcr torques resulting from flaws or scratches in the
bearing and sphere surfaces are analyzed and found to increase
with film thickness. Bearing-error torque is found to increase as

the square of the load.

64-150 Wildmann, M.
FOIL BEARINGS - THEIR GENERAL BEHAVIOR WITH PARTICULAR Em-1PHA-
SIS ON THE EXTERNALLY PRESSURIZED BEARING. Ampex Corporation.
Res. and Engng. Pub. RR-64-13. (December 196).

The equations describing the behavior of toil bearings are set
forth. Linearized solutions to these equations are obtained.
These solutions are used to examine the effects of foil stiffness
and lubricant compressibility. Finally, the behavior of a foil
of finite stiffness in the vicinity of a pressurizing groove is
analyzed in detail, and the results of this analysis are used to
design externally pressurized foil bearings.

64-151 Wildmann, M.
GROOVED PLATE GAS LUBRICATED THRUST BEARINGS. WITH SPECIAL
REFERENCE TO THE SPIRAL GROOVE BEARING. Paper 64-Lub-25 pre-
sented at ASIHE-ASLE International Lubrication Conference,
Washington, D.C., October 13-16, 1964.

The basic equations governing the behavior of spiral-groove, gas-
lubricated thrust bearings are derived, and the assumptions made
during this derivation are stated and explained. From these equa-
tions expressions for load of spiral groove thrust-bearings are
obtained and optimum performance curves are presented.

64-152 Wildmann, M., J. Glaser, W.A. Gross, D.E. Moors, L. Rood and S. Cooper.
GAS-LUTBRICATED STEPPED THRUST BEARING - A COMPREHENSIVE STUDY.
Paner 64-LubS-6 presented at the ASME Lubrication Symposium,
Cleveland, Ohio, April 28-30, 1964.

The theoretical part of this paper is based on Ausman's analysis of
gas-lubricated stepped slider bearings, but presented in simpler form.
Experimental data in this paper verify Ausman's solution. A correla-
tion is attempted, and the design procedure given here is based upon
a combination of the Ausman theoretical method and these exuerimental
studie3.
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64-153 Wildmann, M and Ail wr-
Th'E EFFECT OF EX LPRES-UIZATION N ' SELF-CTIG FOIL T I.
LNGS. Pa. 6-Lub-20 e at th .nternational

Lubrication Conference, Washington, D.C., October 13-16, 1964.

The effects of int-aducing a siall amount of lubricant nder Pressure
into a se!_f-actng, foi bearing film are inves ae o hae
and-t un4er 01e -.--.- ,a ne bi

the eaoilir-l .- equxation with th Re enod's equation and soPhi. the
resulting eu- Cathe ef:fect of even small ex-

tena Dr-zzaj-j -in. CM'L4 j- _~ t
ternal pressurization a selfE- -. o1i Dearing is very important.

64-154 Wilhoeft, W.W. arj A.. n -
AIR BEARING. U.S. Patent 3,15,412. (to IC Magnetics Corp.).
Applied October 16, 1962. Issued November 24, l96L.

This patent refrcrs to (small) electric motors where the rotating
cylindrical lement is supported by a sleeve type - n bearing

and is restrained from axial motion Dy a double-acting thrust bearing.

6 D-155 Wunsch, H .L.
THE APPLICATION OF EXTERNALLY PRESSURIZED AIR BEA-INGS -O
MEASStRLNG INSThU-IENYS AND MACHINE TOLS. Gas Lubricated
Bearings, edited by N.S. Grassam and J.T. Powell.
Butterworths, 1964. pp. 263-280.

Design features and performance data for various applications are
given. The devices discussed are a pneumatic roundness measuring
machine, rotary measuring table, feed screw measuring bench, trans-

mission dynamometer, highli speed ball-b-earing test rig, vibration
equipment, and slidew-ays. Work described was performed by the
National EngineerLng Laboratory.

6 4-156 Wunsch, H.L. and W . Nro.
TdHE ROTATIONAL ACCURACY OF AIR JOURNAL BEARiNGS. Mah. Shop,
no. i1, pp.. 526-529. (196:).

What is the effect of dimens ion al inaccuracies of the shaft and
housii.g or an a-ir journal bearing on its truth of rotation at sl

speed and negligible radial loading? To answer this Question the
National Engineering Laboratory (British) carried out experiments

on a vertical air Journal bearing. The results indicate that the
effect of the air film is to increase the rotational accuracy
beyond that to be expected from the dimensional accuracy of the
component parts of the bearings.
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The folIowing List is an index of those

periodicals, of the 2500 periodicals screenedt
found to contain papers pertinent to gas-
lubricated bearings.

LIST OF PUBLICATIONS ABSlAtM *

Aeronaut. Quart. Aeronautical Quarterly, London.

Aerospace Engng. Aerospace Engineering, New York.

Amer. J. Phys. American Journal of Physics, New York.

ASLE Trans. American Society of Lubrication Engineers
Transactions, New York.

Appl. Mech. Rev. Applied Mechanics Reviews.

Appl. Sci. Res. (A) Applied Scientific Research, section (A)
mechanics, heat. The Hague

Atomkernenergie Atomkernenergie

Atomwirtschaft Atomwirtschaft

Aviation Week Aviation Week and space technology, New York.

Brown Boveri Mitt. Brown Boveri Mitteilungert.

Bull. JSME Bulletin of the JSME. Tokyo

Certif. Engr. Certificated Engineer.

Chartered Mech. Engr. Chartered Mechanical Engineer, London.

Chem. Week Chemical Week.

Compressed Air Magazine Compressed Air Magazine.

Compt. Rend. Acad. Sci., Paris Comptes Rendus de l'Academie des Sciences,
Paris.

Control Engng. Control Engineering, New York.

Design News Design News,

Dissert. Abet. Dissertation Abstracts.

Electromech. Components Electrocechancal Components and Systems
Systems Design Design.

Engineer Engineer, London.

Engineering Engineering, London.

Engng. Mats. and Design Engineering Materials and Design.

Engng. News Record Engineering News Record.
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Light Metal Age Light Metal Age

Lubrication Engng. Lubrication Engineering, Chicago.

Mach. Design Machine Design, Cleveland, Ohio

Mach. Shop Machine Shop.

Mach. Market Machinery Market

Maschinenbautechnik Maschinenbautechn ik, Berlin.

matis. in Design Engng. Materials in Design Engineering.

Matis. Res. Digest Materials Research Digest.

Mech. Engng. Mechanical Engineering, New York
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Modern Matls. Handi. Modern Materials Handling.

Mfl Engng. News MPB Engineering News.
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News Bull. News Bulletin, Washington, D.C.
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New Scientist. New Scientist.

Philips Tech. Rev. Philips Technical Review, Eindhoven.

Phil. Trans. Roy. Soc. London PhilosoDhical Transactions of the Royal
Society of London, series (A)
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Proc. Inst. Mech. Engrs. Proceedings of the institution of Mechanical
Engineers, London.

Proc. Roy. Soc. London, (A) Proceedings of the Royal Society of London,
series (A) mathematical and physical sciences.

Prod. Engng. Product Engineering, New York.

Progr. in Nuclear Ener. Progress in Nuclear Energy.

Rev. Mecan. Appl. Re-vue de Mecanique Appliquee, Bucharest
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Archibald, F.R. 00-005 Berkey, K.L. n2-01

Arwas, En HBevtt. I.E. 64-067
62-309 62--01-

......ngham, B.W. 61-045
Ashton, John 61-006

Bisson, E.E. W. I

Asti I, K.N. 64-013
Block, J.R .. 62-017

Ausman, J.S.
61-005 63-008 64-014 Bosco, A.
62-118 63-009 64-015 61-008 61-023

B Bourquard, Fernand 62-01

Baldwin t7, RG 0 nOwun, B. 62- 19

Bamber, M.-J. 00-0 Bowhill, A.j.
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Boxail, GM. 63-M3 Chiam
rat. at-JD 63-1

p~~ n it

6 3 SO 12t

ofey awn L. T.-0
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ir~ --- 3-M -

-54-

2Z57U ZY b LY

t~~ail~or~fla IIf tAuto ero'~ 0h.

-a In j Z-is

-a-luo S, an iIall~% jc12

as464-02U

63-034 640S ~.osW.2-

70 ;r-t~e 30

J~Gc zwa4 4 . ---

4e.~sau WewnAz Wtdi42::24

3bL-WL

-~ - -H -

63~f-i A 64-01 uiesuP.S



Duncombe~ Edward 61-016 Freeman, AP.- -64-057

'Dwight, -k-Ri -64-11'f -Friberg, Jean
64-046 64-047

Dwvorski, -Juraj
61-b01 64m-044 Fricke.-, -H.W.

63--029 64-058 -64-08Y
Dyer. R.F., 63-025- 64-059- -64-088

Dziedzie, J. 4-.0145 Frost, Alan- 62-c540

E Ful1emann-,-John 00-013

Elrod,,J 4  H.G. Ful-ler, D .D.
63-015 -64-028 -00-016 62-038 6 3-0,3 5
63-026 64-048 Ci -017 62-039 63--036

6~1-018 -62-051 64-064
E Iwe 11 _-Richard: -61-017 61-019 62-052 64-005

63-034 64-066
Ericks-on, -G.J. 64-172G

G
Ertaud, Andre

-64-046 64-047 Garrett Corn.,AieachMg

Div. of Arizona 62-041
Escher Wyss- S-.A. 62-0317

Geary, P.JT 6 2-042
EShei, A. 64-048-

Gedeon,, R.R. 6-1-0,20
Eusepij,-M'.W.

'61-018, 62-038 .64-049- Getler, Michaiel 6-2-043-
61-019- 62m-039 64-050-

63-0O27 64-051 Gievers, J.-G*. 62-074

EvnJ.L. 64-_052 - i1bert, Sr., C E. 62-L44I

F Glaser, -J-, 64-152

Felduieier# J.R. 64-3 Gobert, Gerald
61-012 -62-045

VernW.. 00-01i5 61-021 62-0-46

Fischer, G.K. Goetz, -Alexander 61-022
'00a016 62-113

Graneek, Maurice 6-047
Ford, G.. K.

64-054 64-055 'Grant, J.M. 62-104i

FFoster, D.lJ. 64-056 Grassam, N. S. 64-060

Fox, G .R. 63-028 Gray, fl.L.

Ef 62-047 64-06 1
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Green, G..L* Jenkins, H W. 1-I

ui~uuo 61--0

Cross,W A
-62-048 62-054- 6-3 Johnson, -R.L.0-0
-62-049 6-12 302

2-030 63;-030 64-15-2 Johnson, S.G, 0-0 15

Grossman, N. 64-062- K

Grossmfan,RL 63--033 -Kao, H.!,-. -6-3-039

Gun-ter, Jr-- -E.4j. -Kattoi Y. 62-059-
62i-051 -63'-035- 64-m06-3
6-0-52 6 3'-036 64-064 Kaul, RK 6-7
63-034 64- 027 64 406 5

:64-066 Kawazaki, __Y. -00-020

-11 Ked6-, Simauo 6:-01

Hall, _J. 63-037 Kerr,_ 3. 62-060

Halliday, R.F7. l-05 ilpatrick,_ L.L. 0-1

Heizer, E .3. 00-018 Koenders, M-A-. -00-021

-Herbert, -rTA.62-054- Korzenowski, S. J. -- 64-U16

Hrrman, A..64:-067- _rmnuo .. 63- 040

* Hersey- XD. 0009 u .M. 63-m041

Hinkle-, Jf.G. Foqp -um .,61-0O23'
62-051 -63-036 -64i-065
6'2-052 64x-064- 64- 66--

Hirst G.G-. -64-068 Lnl2.,WE

Hiodapp, JrA.E. 62A'55 --- 1 6 02

Hopins V.Larson, -R H.
Hoi~ns ~62-061 -62-062
62-056 62-0W57

Hughesu~ J.. 0.0Hughe, ~. .62- 58 0 -022 62-063
61l-02& 64m-o70

Hughes, W.F. 64-021l

Lee, R.E. 62-064i

LTehinann, R.Jaff-rety- ' W.G. 63-038 50-023 6--

Jain, F'S. 63-050 6---z -303
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. - _ - - f_ -- a-

Leuen, JR- Malanoski, S.B.
-62-0 6 63-0 62-009 64-083

even e, M.L. 61-025 Maloney, R.I% 63-050

--LeWi, Mankin, A.H. 64-154
'6_2;-067 645-049 -64a-051
63-045 64-050- 64-071 Mann, D.B.

63-5 64-084Li, -K.Y. 6-2-095

Marcus, R.H. 61-0303Licht, Lazar
62-1-11 64--072 64-073 Marmarou, A.

61-019 62-039-Lindberg i- A .*W- 61-436

Marsh, HarryLindner, -. 1M4 64-074 '63-052 64-085

IChg, M.T.S. 62-068 McCann, R.A. 63-049

Litton Systems, Inc. 61-026 McClung, D.H. 62-057

-Lch, Erwin McEwan, P. 62-122
61-027 -62-070 62-072
.62i-069 62-071 63-046 McGee, J.P.

64-062 64-424Lord, R.G. 64-075

McGeough, V.. 61-034-Los amaos- Scientific Laboratory
63 -047 64-076 McGinneas-, 1,.

Lunm, S.W. 61-024 61-028

62-073 63-048 MNKenna, R. D.
63-0: -64-077 61-029 62-074

Lynch, R.J. 64-Q78 McKenney, H.F. 62-075

N McLachlan, K.R. 64-079

-Ma, J.T. 64-080 Heacher, J.S.
61-031 62-078 64-051

Maas, .A. -64-081 62-077 63-053 64-071

Macks-64-086
Hacks, E..60

00-024 00-026 Mech, Christian
00-025 00-027 62-024 64-029 64-087

62-076 3-0~54 64-030 64-088

Maginot, Pierre 64-089

64-046 64-047 Megroz, -K. 61-032
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3-05.63-0516

Ng, Chung-Wah
Miller, Jr., C.C. 61-022 63-069 64-098

Miyamatsu. Yasunori Nitmo, W.M. 64-156
63-06; 64-092

North American Aviation 62-082
Modr.- , Josepi

6 2-079 64-fl-) 64-091 Norton, M.T. 64-084

Moller, P.S. 63-057 0

Montgomery, A.G. 63-058 Oak Ridge National Laboratory
62-083 64-099

Moorman, C.T. 62-096
Obrzut, J.-J. 64-10u

Moors, D.E. 64-152
Ono, Takayuki 64-094

Mori, Haruo
62-080 63-062 63-611 Orcutt, F.K.
63-059 63-063 64-092 63-070 64-101
63-060 63-064 64-093
63-061 63-080 64-094 O'Shea, J.A.

64-095 61-034 61-035
,Morrison R.13. 00-048 Osterle, Fletcher

61-033 61-050
lMoye, HL. 64-116

Ott, Hans 64-102
Mueller, FK 3  63-065

'P
Muijderman, E.A. 64-096

Pal, Jozsef 00-030
Mull-an, PJ. -64-097

? an, C.HS.T.
Mtrray, S.F, 61-011 63-071 64-103

62-067 63-045 62-084 63-094 64-104
62-085 64-031 64-105

Muster, D. 63-066 62-086 64-083 6"-144
64-147'

N
Pantall, D.

Nahavandi, Amir 61-033 64-106 64-107 64-127

National Bureau of Standards Parker, K;G. 63-072
0-028 63-067 63-068

Parsons, G.C.
Naumann, H.K. 64-067 61-034 61-035

Patterson, A.G.
62-087 64-108

I
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Payne, B.F . 63-0 4 Reichenbach, G.5. 64-125

Pears, C.D. Rentzepis, G.M. 62-093
00-031 00-034 61-038
00-032 61-036 63-073 Reynolds, D.B. 62-094
00-033 61-037 64-409

ReynOlds , Osborne 00-036Pearson, II. 62-088

Rice, J.Ro
Pelech, lg-rn 64-110 63-076 64-118
Peters, Alec 61-039 Richards, S.I. 00-037

Peterson, M.B. 62-067 Richardson, H.H.
62-062 63-077 64-097

Peyton, Robert 62-089 -

Pich, R. 63-043
Rippel, H.C. 00-038

Pietsch, Anthony 64-111
Robertson, W.G. 62-022Piken, A. 0. 62-061 -

Rogal, R.Pim.us,. Oscar 61-040 62-065 62-12 4

Poritsky, It. 6-2-090 Rood, t.H.

Poulain, . 6;-087-

Rotron Manufacturing Go., Inc.Powell, J.w. 63-078
-61:41 63;-074 64-1-13
-62091 64-060 64-1-14 Russell, J.1 64-041
62-092 6!4-112 64-115

64-116 Rylander, I.
62-095 62-096

Pugh, Harold 61-016-

0S

Sagot, J. 63-079Quick, D.E. 61-042
Sakata, ShigernR 63-060 64-092

Ramachandra, Se 63-075 Salbu, Erik
62-097 64-121

Ramsdale, B. 00-035
Sasaki, TokioRapaport, Sigmund 62-021 63-81 63-081

Rawlins, J.A. 61-3-3 Schively, DP. 64-122
Reactor Centrum lNederland 64-117 Scrade, ES. 63-082 (
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bchreiber, Bernhard 64-139 Snopov, A.( 00-043 00-0,4,4
Schubert, E. 64-123

Snyder, 14.T.
Schwartz, A.A. 63-083 63-085 64-131

Schwarz, Hans Sohaka, Zofia 64-132
64-042 64-062 64-124

Soda, N. 62-059Sciulli, E .B. 61-039

Speen, G.B.Scoles, C.A* 61-047 61-002 62-104

62-103 63-086Scott, R.D. 62-098 64-133
Shapiro, A.H. 64-110 Spies, R.

63-037 64-134
Shaw, R.I. - 62-099

Stahier, A.F 6-135
Shawbrook. Henry 62-100

Sheinberg, S.A. Stanley, I.W. 62-105

00-039: 62-101 Stark, 11.W. 62-106

Shevchenko, R.P. 64-125 Steele, H.J. 62-107

Shibayama, Toshivuki Stella, R. 62-108
62-080 63-062
63-061 64-095 Sternlih, Beno

61-011 62-109 64-021Shilling, W.F. 64-126 61-040 62-10 64-04-1
61-046 62-126 64-062Shizwu~a I._ 62-010 63-066 64-105

62;-080 63-062 -62-085 63-087 64-136
62-086 63-086 64i37Shoemaker, B.1; 61-001 62-93 63-089 64 -38

Sipenkov, 1.E. 61-044 Stevenson, %J.H

62-111l 64-027Sixsmith, Herbert
00-40 61-05 64-129 Stingelin, Valentin 63-090

Skarstrom, OW. 00-041 Stokes, PJ.
00-035 61-003Slater, J°N. 62-102

Stoller, U.M. 63-091Sliney, H.E. 030-42
Strass, Wilfied 64'-,39Small, David 63-098
Strobridge, T.R. 64-08

Sneck, H.J.

3-08 64-13

--

MI.'3..--



- W

Tang, L.C 62-112 Wada, Ryuji 63-081

Taylor, M.K. 00-045 Walker, Lucius 61-050

Teshima, Toshio 63-080 Walkling, E.S. 64-15

Thomas, D.G.A. 62-100 Warnock, Lyle 64-146

Thomas, G.C. 62-1-3 Weir, A. 00-048

Thunascn, H.E. 62-114 Wei-, J.G. 61-042

Timns, Cecil 61-047- Wernick, R.J.

-63-094 64-147Tipei, Nicolae
62-415 63-092 Whitley, Stanley

00-049 62-119 62-122Toba, Kaoru 6 1-048 00-050 62-120 62-123
61-003 62-121 63-095Togo, Shinichi 64-140 64-148

Tolins, I.S. 00-055 Wiemer, A.
- 62-065 62-124 63-043

Trugmani, L.A. 6-141

Wilcock, D.F. 64-i49
Trumpler, P.R. 63-016 w~~~ilcox, .f000;
Tully, -N. 62-092 -N-

wirdmanfi, M.T -untai, John 62-116 00-052 -4-10 60i52
63-096 64-.,151 64-1 S3Turnb-Lhde, R.C. -

62-1-17 63-4)86 63;-93 Wilhoeft, W.W. 64-154

U Williams, L.G.
0 -3 50 62-121 62-42Unterberg, W. 62-118

Wil1son, D.G.. 6212Unter-berger, R. 61-049
Wilson, W.Ac

61-045 64-129

Winget Jr., Donald 62-0-

Win.j.w.Vivia, G.H. 64-42 62-iu 63-089 64-138

Vogel, c--,. Wobfr, QA. 6-09

Vob. -~n WodNat 6-2-127



W6odrow, J, 00-053

Woods, L.R, 00-054

Wright, A. 64-153

Wunsch, H.L.
61-C51 62-128 62-130
61-05:2 62-129 64-155

64-156

y

Yabe, Hiroshi
63-063 64-093
63-064 64-094

64-095

Yamamoto, T.
62-080 63-062

Yeaple, F.D. 63-097

Yeh, T.F. 62-131

Yen, K.T. 64-130

York, J-.L. 00-048

'7

Zablotskii, N.D. 61-053

Zaid, M. &3-055

Zajac, Felix 63-098
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SUR JECT LfEX

Bearing Instabilities of the Whip, Books, Reviews, Surveys and
-Whirl, -or Air.-Hammer Types. Advertisement Type Literature. (Cont.)

00-040 62-124 64-023 62-083 63-031 64-060
61-003 62-126 64-025 62-087 63-032 64-062
61-011 62-130 64-026 62-089 63-041 64-078
61-013 63-008 64-031 62-098 63-066 64-089
61-014 63-009 64-032 62-102 63-083 64-096
61-015 62-015 64-033 62-106 63-088 64-099
61-017 63-016 64-0335 6-2-138 63-092 64-100
61-020 63-033 64-0414 62-109 63-097 64-106
6 1-021 -63-035 64-056 62-115 64-007 64-107
61-023 63-036 64-063 62-116 64-012 64-122-
61-031 63-0.44 64-072 62-122 64-015 64-124
61-043 63-045 64-073 62-124 64-021 64-125
62-003 63-046 64-076 62-123 64-022 64-131
62-005 -63-048 64-077 62-128 64-024 64-132
62-046 63-049 -64-078 62-129 64-025 64-133
62-050 63-050 64-083 62-130 64-032 6--136
32-062 63-052 64-085 63-003 64-039 64-137
62-070 63-053 64-097 63-022 64-041 64-138
62-079- 63-069 64-09 8 63,-323 6k-053 64-142
62-084 63-070 64-103 63-024 64-054 64-155
62-085 :63-072 64-105 63-030 64-055
62-086 63--074 64-112
62-087- 63-077 64-113 Combination Externally-Pressurized
62-090 63-078 64-120 and Self-Acting Bearings -.

62-092 -63,-081 64-123
62-093- 63-083 64-127 00-002 62-119 64:-051
62-94 63-088 64-129 -00-047 63-036 6.-071
-62-099 63-089- 64-138 61-001 63-048 64-113
62-101- 63-093 64-143 62-009 64-023 64-114
62-107 -63.-094 64-147 62-050 6,4-046 64-123
62-110 64-012 64-448 62-073 64-049 64-139
62-111 64-014 64-iq9 62-096 64-050 64-145
62-115 64-016
62-122 64-018 Externally-Pressurized Journal

Bearings.
Books,_ Reviews, Surveys and

-Advertisement T-ype Literature. 00-001 00-045 61-035
00-003 00-049 61-041

00-0!7 61-046 62-049 00-004 61-001 61-047
00-021 61-049 52-054 00-006- 61- 003 61-051
00-23 61-051 62-061 00-010 61-006 61-053
61-00-4 61-052 62-063 00-013 61-007 62-001
61-025 62-006 62-064 00-016 61-C09 62-004
61-032 62-014 62-065 00-027 61-023 62-005
61-035 62-017 62-066 00-031 61-024 62-006
61-039 62-041 62-069 00-032 61-026 62-08
6 -440 62-042 62-074- 00-w40 61-031 62-009
61-2 62-048 62-082 00-04 i 61-034 62-013
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Externally-Pressurized Journal Externally-Pressurized Thrust
Bearings. (C-ont.). Bearings of the Flat Plate

(Includi-ng Rechesses) T-- Cn.RTvves. 'Cont.)
62-015 62-116 64-008
62-021 62-117 64-025 62-009 62-124 63-093
62-031 62-119 6L-039 62-015 62-125 63-098
62-034 62-128 64-04 62-026 62-i27 64-001
62-037 6-2-129 64-042 62-027 62-128- 64-002
62-039 62-130 64-046 62-028 62-129 64-003
62-047 63-01l 64-047 62-029 62-130 64-00-4
62-050 63-013 64-049 62-030 63-005 64-005
62-351 6.-022 64-050 62-031 63-006 64-006
62-058 63-025 64-051 62-034 63-011 64-008
62-062 63-096 64-053 62-04 63-022 -64-010
62-063 63-028 64-061 62-054 63-024 64-020
62-066 63-031 64-070 62-063 63-025 64-025
62-067 63-037 64-071 62-066 63-026 65049
62-065 63-038 64-077 62-067 63- 31 64-050
62-069 63-045 64-082 62-068 63-037 64-051
62-071 63-046 64-086 62-069 63-038 64-071
62-072 63-053 64-097 -62-070 63-045 64-072
62--73 63-058 ,64-109 62-071 63-046 64-073
62-074- 63-061 64-116 62-072 63-053 64-092
62-076- 63-062 64-123 62-089 63-057 64-093
62-077 .63-068 64-124- 62-099 63-059 6--094
62-078- 63-073 64-127 62-103 63-060 64-05
62-080 63-07-7- 64-128 62-106 63-061 6--01
62-091 63-080 4-129 62-11l 63-063 64-109
62-092 63-081- 64-130 62-112 63-064 64-28
62-094- 63-083 64-139 62-13 63-068 64-135
62-101 63-086 6k-140- 62-116 63-070 6-4-3
-62-103 63-098 64-145 -62-117 63-077 64-145
62-112 64-004 64-156 62-123 63-0-6
-62-114 6'-005

Externally-Pressurized Thust
Externally-Pressurized T-hrust -Bearing s of th heria1 or

Bearin-gs of the Dumv or Piston Conical Typesi
Types.

00-003 6-1i-044 -63-071
00-025 00-045 62-100 00-005 62-004 64-0,1

00-007 6 20 20 64-002
Externally-Pressurized -Thrust 00,014 62-053 644047

Bearings of the Flat Plate 00-320 62-104 E64-052
(Includisi Recesses) Tyvpes. 00-433 62-124 64-067

00-034 6 -2-131 64-069
00-008 00-054 61-035 00-051 63-007 64-074
00-026 61-003 61-036 61-002 63-033 6-0 l0
00-028 61-007 61-037 61-028 63--040 64-117
00-030 61-008 61-03 61-030 63-065 64-149
00-033 61-012 61-045
00-035 6 1-027 61-353
00-037 61-02 62-003
00-047 61-03 62-007
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in, r, .. . .. _

Flow in Rest-rictos. Self-Acting Bearlng Analysis,
General. (Cont.)

00-048 62-080 64--052 64-075 64-113 64-141

61-003 62-088 64-070 64-085 64-114 64-143

61-009 62-111 64-092 64-090 64-115 64-144
61-010 63-026 64-093 64-091 6': 118 64-147
61-024 63-059 64-094 64-098 64-121 64-150
61-027 63-060 64-095 64-101 64-1.27 64-151
62-013 63-061 64-116 64-104 64-131 64-152
62-028 63-062 64-12b 64-112 64-134 64-153

6-2-029 63-063 64-130
62-031 63-064 64-135 Self-Acting Journal Bearings of
6 2-058 63-080 Finite Width.
-62-058 -63-081

00-011 62-107 64-026
Self-Acting Bearing Analysis, 00-018 62-110 64-027

General, 00-024 62-118 64-029
00-025 63-012 64-030

00-019 62-079 63-056 00-026 63-013 64-031

00-020 62-084 63-057 00-038 63-020 64-033
00-036 62-085 63-069 00-049 63-021 64-035
00-039 6-2-086 63-072 00-052 63-022 64-036
00-043 62-090 6-3-075 61-015 63-027 64-038

00-044 62-093 63-076 61-017 63-034 64-040

00-055 52-097 63-079 61-018 63-035 64-041

61-005 62-105 63-084 61-019 63-036 64-042

61-011 62-15 63-085 61-020 6Z-044 64-04
61-013 62-118 63-090 6-1-022 63-O47 64-045
6!--014 63-001 63-091 6.1-049 63-049 64- .6
-61-015 63-008 63-092 61-051 63-051 64- 53

61-017 :63-009 63-094 6-2-011 63-032 64-064
61-019 63-014 64-013 62-01-2 63-054 64-065

-6-1-033 63-015 64,014 62-023 63-069- 64-068

61050 63-016 64-015 62-024 63-075 64--085

62--002 63-018 64-017 62-025 63-076 64-087-
6-2-016 63-019 64-024 62-035 63-078 64-088

62-018 63-020 64-025- 62-038 63-079 64-098

62-022 63-021 64-030 62--039 63-083 -64-102

62--023 63-022 64-031 62-047 63-084 64-105
62-024 63-027 64-033 6-2-051 -63-087 64-107
62-027 63-034 64-034 -62-052 63-089 64-1I!
62-032 63-035 64-035 -62-055 63-090 64-124
62-033 63-036 64-036 62-059 63-091 64-141
62-034 63--039 6/v-037 62-060 63-092 64-443
6.2-036 63-042 64-038 62-075 63-094 64-144
62-047 63-043 64-048 62-076 63-095 64-!4-7
62-055 63-044 64-053 62-093 64- 009 64-148
62-056 63-049 64-056 62-094 64-016
62-057 63-052 64-064

62-059 63-054 64-065

62-060 63-055 64-068
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Self-Acting Journal Bearings of Materias 1 Coatings and Boundary
Infinite Width. Lubrication. (Gont.)

00-016 63-016 64-012 64-071 64-109 64-149
00-039 63-020 64-018 64-076 64-122 64-152
62-002 63-021 64-023 64-106 64-126 64-156
62-018 64- _022 64-032 64-108 64-141
62-059 63-090 64-038
63-009 63-092 64-104 Specific Applications.
63-015 64-011

00-003 61-036 62-069
Self-Acting Thrust Bearings of 00-004 61-037 62-070

the Pumping (Grooved) Types. 00-006 61-038 62-072
00-008 61-041 62-074

00-012 63-018 64-107 00-010 61-042 62-076
00-038 63-051 64-120 00-012 61-043 62-078
00-053 64-032 64-148 00-013 61-047 62-081
62-010- 64-042 64-151 00-014 61-052 62-083
62-121 64-083 00-015 62-004 62-087
62-123 64-096 00-018 62-005 62-089

00-023- 62-006 62-091
Self-Acting Thrust Bearings of 00-024 62007 62-095

the Tilting Pad, Tapered Load, 00-025 62-008 62-098
or Discontinuous Geometry Types. 00-026 62-009 62-099

00-028 62-010 -62-100
00-0i5 62-025 63-092 00-031 62-012 62-101
61-005 62-057 63-096 00-032 62-015 62-102
61-008- 62-098 64-025 00-033 -62-017- 62-103
61-030 62-105 64-030 00-034 62-019 62-I04
61-033 63-018 64-034 00-037 62-020 62-105
61-048 63-047 64-036 00-038 62-021 672-107
61-050 63-054 64-107 -0-0040 62-025 62-108
62-023 63-082 64-141 00-045 62-026 62-113
62-024 63-085 64-152 00-047 62-035 62-114

00-049 62-037 62-416
Materials, Coatings and Boundary 00-054 62-038 62-120

Lubrication. 61-002 -62-039 62-125-
61-004 62-040 62-127

00-001 62-064 63-032 61-006 62-043 62-128
00-009 62-067 63-051 61-007 62-044 62-129
00-027 62-074 63-053 -61-016 62-045 63-002
00-032 62-076 64-009 61-018 62-046 63-003
00-033 62-077 64-016 61-019 62-047 63-004
00-034 62-078 64-029 61-020 62-051 63-005
00-042 62-082 64-040 61-021 62-052 63-006
00-052 62-095 64-4' 9 61-023 62-053 63-007
61,-008 62-096 64-050 61-024 62-054 63-011
61-031 62-097 64-051 61-026 62-056 63-012
62-013 63-012 64-052 61-029 62-057 63-013
62-017 63-023 64-058 61-030 62-058 63-017
62-024 63-0-28 64-059 61-034 62-065 63-024
62-040 63-029 64-071 61-035 62-066 63-025

20
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Specific Applications. (Cont.)

63-02 _9 64-006 -0Q

63-032 64-010 64-086
63-037 64-01 64-087
63-038 64-016 64-088
63-040 64-0i8 64-096
63-047 64-022 64-101
63-050 64-026 64-108
63-051 64-029 64-109
63-054 64-039 64-1-10
-63-058 64-040 64-111
63-065 64-041 64-114
63-067 -64-042 64-117
63-068 64-044 64-119
63-072 64-045 64-120
63-073 64-047 64-121

63-078 64-052 -64-129
-63i-082 64-057- 64-124
63i-087 64-061 64-126
63-095 64-063 64-129
63v-097 64-067 64-133
63-098 64-069 64-142
641-001- 64-072 64-145
64-064- 04-074 64-146
64-003 64-076 64-149
-64-OOL -64=078 64-i 54-
64-005 -64-079 64-155 -
64-'006 64-080-  64-156
-64-007 -64-081
64-008 64-082

bFOil Bearings-.

00-012 64-017 -64-150
63-010 64-019 64-153
63-014 -64-048.
63-031 64-080

-206-



PATNT INDEX

nua..t~L u, atenPrt Title

UNITED STkTES

2,6701146 00-011a WINDNG'1 MACHINE.

2,683,636 00-0$1 AIR BEARING.

2,854,2C98 00-007 AXIAL AND RADIAL TRtUST BEARING.

2,862,385 00-w05A" VIBRATION TABLE.

2,a64,5552 00-0302 -SHAFT OR LIKE BEARINGS,

2,869,901 00-014 BALL AN SOCKET COUPLING HAVING AIR BEARING
MEANS.

2,8 -84, 2852 00--040 BEARINGS- -FOR ROTATING SHAFTS WHICH ARE
LU~rIAE BY GAS.

*,B 6 j 6 51 00-041 AIR HEAD.

*2.88,878i 00-0if0 NETUTRONIC REACTOR FUEL,13 PIN-P-.

~4 89,7400-024 AIR SUPPORTED- RODTOR-.

( 1 2,99260 -0-01i5 YAG NET DISC RfECORDER

2,905,768 00-012- AIR-XAD

2,0,6 0)6- BEARINGS- _WITH. FORQE _11-LND INC MEANS.-

2c,915 ,358 CO-037i RECORDING MXtiBER ASSEZIJBLY -FOR COMPUTIE
- OR THE'LIKE.

2,915,902 00-008 ALMC1LLARY BEARINGS FOR SENSITIVE ILNSTRNC.

2928,-960 00-025 DrANxOELECmIC DEVICE

2,929,548 W0-01-3 rl RBWOGA4P.ES DR.

2,9 2 h67 1 00-045 CMPUTER DRI4 COINSTh'XTION.

-2, 937,294 00-026 DY1LAOELECRICDEVICE WITH -FLUID SUPPOR ED
ROTOR.

27942,385 W0-030 APPARATUS :FOR-MOVING:PARTS OF MACHINaRY ON
A SUPPOIRT.

2,951,729 003-041 GASq BEARING.
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3,006,697 61-043 GAS LUBRICATM BEARING.

3,0 "_,827 61-022 GAS SUPPORTED BEARING.

3,013,845 61-027 SUPPLYING SbPORTING GAS TM A GAS PRESSURE
BEARING.

3,026,150 62-021 AIR BEARINGS.

3,034,635 62-011 AIR BEARINGS.

3,034,837 62-012 GAS LUBRICATED JOURiNAL BEARLNG -ASSEMBLIES.

3,039,810 62-i19 JORINAL BEAF "GS.
3,042,460 62-0e SLIDE BEARix.± CONSTRUCTION.

3,049,363 62-070 DAMPING VIBRATIONS IN A GAS BEAMING.

3,053,583 -62-099 AIR BEARIRJ.

3,058,785 62-107 GAS LU BRICACD BEARINAGS.

3,7,06 -62-075- AI ERINS

3,070,407 62-058 AR BEARING.

,079,203 -63-095 JOjRNAL AN - JOU R AL BEARMNG ASS4LI..
-307, -129 63-013 GAS LUBRICATED -BEARING -SYSrTE.

3.110,525 ;63-087 C[BED JOURNAL AND. THRUST BEARING.

3,110,527 63-028 -HYDOSTATIC BEARING.

3,-10,528 63-072 SHAFT BEARLNGS.

3,129.,-037 64-102 GAS-LUBRICATED JOUMNAL BEARINGS.

3,:36, 589 64-119 AIR BEARING.

3i.l37,531 64-067 GASEOUS BEARING.

3,140,853 64-074 BEARINGS.

3,143.382 64-0,6 AERODYNAMIC BEARING.

3,146,036 64-023 GAS BEARINGS.
3,152,845 64-0-7 AIR B EARING.
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__ 3, 158, 41 64-154 AIR BEAUNG.

3,15.5,924 "1'-026 MEIW).-DS OF nANUACTIMLNG JC-UP.kLA AND JOURNA

-6-EAIN 1 -O C3ENGS

3,169' 64-I'45 JACKING SY rtjq GAS BEARINS

1,30.,545 62-3 OPE2ATLNG Ppo35 OP-C ~VEI~'

INS CTL-LATION COMIl?STNGf A 'NUCLSAr- R&MACrUR,

AND DEICE FOR PERFOR1ININGI3 7116PuuS,,

GREAT BRITAIN

8-7 0, 829 61i-01"6 ThPO~ET WO EA I I CEIIFa
PIMPS AN APPLADrJ73S P43k &ZP1-LLNG 110PAC --IV E

LIQUIDS.

676,136 61-006 JI~V~E~ IN OR; REAING -0 GAS BE1A1RLNG
Sysr4 -i

877,555 61-047 iniol's.WNsh I AN RELxtIN inBERNGM

88'4, 061 61-002 GOSA F cons, -mSCOPE STIIED -SYSflimsAD

- GAS -BEAPI, FOR ThE SAME.

8187,695 6 2,!121 ThWPOVIAENMh N OR RELATING TO WRYIST

891.039 6-20 ~ 02NSL 'RlTN B A i~RCW

JOURNAL ANM JOURIA BELRING W~lUS ±il'

8-93,045 -62-035 Ml4RVNsl IDI TFLIM13 BE RINGS.

895-,32s8; 62-10 MR~l~JSI YAIC GASz- 1 "APINGS.

9101ItO0-4 6Y0 INPR-OVENh IxN ND -T TI NGx TOu #- BE p

90C-3,05 62-018 ThENN LAflhI El-f! DYNMICflMTG-

905,647 62-013 IME1'ROVD4ENIS IN OR PRMAINXG il JOURUNAL AND t
BEARING -ASEMBLIES.

9-11,490 62-019 DhPR0Vtt-aIIENISi~ N OR RELATING0' ID GR0 X)PS.

9237732 63-058 IMHIOVEME-NTS LW OR PEATINQ TO FREE PITON

OMPRIESSOP$ TaH: GAS BEA qLNGS
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93016134R 63-11ThV NS IN AMD REIAflNG l 0 AIR JAIIC MIMS.

950,967 64-117 IAPOVM 4FI IN AND P"EIATIN l0 PINrTLMDUS'

V!EST GER-MAW f

1, 171,8738 6-2 3 B E A RING S.

1,13,744 64-139 'A-LUBR1CATMM, STATIC JOtIRIAll BEARIG-
GASG-ESCIMI-RrtM SCHflCS GUl-IrG i


